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This Work is intended as a Manual for Medical 

Students. The original plan was to embody in it 

only such matter as was absolutely required for the 

first year's student in the Medical Schools ; but this 

plan was not carried out, since the book would then 

have been, in some measure, incomplete as a Manual 

of Histology. The work contains a good deal that 

will be acceptable to the advanced student, as well 

Bjs to the beginner. 

My best thanks are due to Mr. Charles Berjeau, 

F.L.S., for the readiness and artistic skill with which 

lie has executed the illustrations on wood. Some of 

the figures are copied from the " Atlas of Histology," 

others from the "Handbook for the Physiological 

Laboratory." The former are marked "Atlas," the 

latter "Handbook." 

E. KLEIN. 

May, 1883. 
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CHAPTER I. 



1. THEripeoTi»m(Fig. l)of manandmamiuiilBis 
a minute spherical clniup of a soft, gelatinous, trans- 
' parent, granular-looking substance, containing nume- 
rous minute particles — yolk , 
globules. It is invested 
by a yertically-Btriated deli- 
cate membrane, called the 
zona pellucida. Inside this 

clump, and situated more . 

or less excentrically, is a 
vesicle — the fferminal vesicle 
— and inside this, one or more 
Bolid spots — the germiTial 

tpot or spole. The gela- Fi«. i.-Kip. o™ of ct. 
tinous transparent substance "" tat^-^ ^up^m. 
of the ovum, containing a 

very large percentage of prot«id material, ia called 
Protopkum. Before and immediately after fertilisa- 
tion, the protoplasm of the ovum shows distinct move- 
ment, consisting in contraction and expansion. These 
movements are spontaneous — «.&, not caused by any 
directly visible external influence. 

The diameter of the ripe ovum in man and domestic 
animals varies between ^^ and y^^ of an inch. But 
before it ripens the ovum is considerably smaller — in 
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fact, its size is in proportion to its state of develop' 

2. Fertilisation causes marked changes in the 
contractions of the protoplasm of tike ovum; these 




lead to deavage or division of its body into two parts, 
the germinal vesicle having previously split up into 
tvo bodies or nuclei j so that we now find the ovum 



Fi«. Si.— From ■ Baatitm tbnmgli Out Badiment ot tlie EmbiTO Cbjok. 

«, Primitive ffTODve ; r. donal lamlnB ot epiblaet i d» metoblHC- TO* 
EUn lwecot>[4iid1»«liipedcaU>litliatinntiLuI. (Hudbook.) 

has originated two new elements, each of which con- 
sists of protoplasm, of the same substance as that of 
the original ovum, and each contains one nucleus or 
kernel The investment of the ovum takes no part in 



Cells. 



this process of division. Not long after, each of the 
two daughter elements undergoes cleavage or division 



Fig. 3b.— TsrlJCHl Sectias tbrangli the Ovum of Bnto Clni 
saAji ittaj^^ of the Embrjo Development. 



into two new elements, tlie nacleus having p 
divided into two, so that each of the new ofEspring 
poeseBsea its own nucleus. This process of division is 
continued in the same manner for many generations 
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(Figs. 2, 3a, 3b), so that after a few days we find 
within the original investment of the ovum a large 
number of minute elements, each consisting of 
protoplasm, and each containing a nucleus. 

3. From these elements, which become smaller as 
the process of cleavage progresses, all parts and organs 
of the embryo and its membranes are formed. It can 
be easily shown that the individual elements possess 
the power of contractility. Either spontaneously or 
under the influence of moderate heat, electricity, 
mechanical or chemical stimulation, they throw out 
processes and withdraw them again, their substance 
flowing slowly but perceptibly along. Hence they 
can change their position. In this respect they com- 
pletely resemble those lowest organisms which are 
known as amoebae, each of these being likewise a 
nucleated mass of protoplasm. Wherefore this move- 
ment is termed amoeboid movement. It can be further 
shown that they, like amoebae, grow in size and divide 
— that is to say, the individuals of a generation grow 
in size before each gives rise to two new daughter 
individuals. 

4. Although for some time during embryonal life 
the elements constituting the organs of the embryo are 
possessed of these characters, a time arrives when 
only a limited number of them retain the power of 
contractility in any marked degree. At birth only the 
white corpuscles of the blood and lymph, many of the 
elements of the lymphatic organs, and the muscular 
tissues, possess this power, while the others lose it, 
or at any rate do not show it except when dividing 
into two new elements. Some of these elements 
retain their protoplasmic basis ; as a rule, each con- 
tains one nucleus (but some two or more) and is 
capable of giving origin by division to a new genera- 
tion. Others, however, change their nature altogether, 
their protoplasm and nucleus disappear, and they 
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give origin to material other than protoplasm — e.^., 
collagenous, osseous, elastic, and other substances. 

5. Beginning with the ovum, and ending with the 
protoplasmic nucleated elements found in the organs 
and tissues of the embryo and adult, we have, then, 
one uninterrupted series of generations of elements, 
which with Schwann we call Ms and with Briicke 
elerrientary orgcmiama, Qi these it can be said that 
not only is each of them derived from a cell ( Virchow : 
<ymm» ceUvla a ceUula), but each consists of the 
protoplasm of Max Schultze (Sarcode of Dujardin), 

I^g, 4.— AmoBboid moveiaent of a White Blood Corpuscle of Mau ; 
various phaMS of movement. (Handbook.) 

I 

is without any investing membrane, and includes 
generally one nucleus, but may contain two or more. 
We can further say that each of these cells shows the 
phenomenon of growth, which presupposes nutrition, 
and reproduction. All of them in an early «tage of 
their life history^ and some of them throughout it, 
show the phenomenon of contractility, or amoeboid 
movement (Fig. 4.) 

Cells differ in shape according to kind, locality, 
and function, being spherical, irregular, polygonal, 
squamous, branched, spindle-shaped, cylindrical, pris- 
matic, or conical. These various shapes will be more 
•fully described when dealing in detail with the various 
kinds of cells. Cells in man and mammals differ in 
size within considerable limits : from the size of a 
small white blood coi-puscle of about -^^^ of an inch 
to that of a large ganglion cell in the anterior horns of 
the spinal cord of about -^^ of an inch, or to that of a 
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multinucleated cell of the bone marrow — ^myeloplax — 
some of which surpass in size even the ganglion cells. 
The same holds good of the nucleus. Between the 
nucleus of a ganglion cell of about -^^ to y^Vrr ^^ ^^ 
inch in diameter and the nucleus of a white blood 
corpuscle of about 37^ to ^q^q^ of an inch and less 
there are all intermediate sizes. 

6. Protoplasm is a transparent homogeneous or 
granular-looking substance. On yery careful examina- 
tion with good and high powers, and especially when 
examined with certain reagents, in many instances it 
shows a more or less definite stnicture, composed of 
fibrils, more or less regular, and in some instances 
grouped into a honeycombed or fibrillar reticulum 
in the meshes of which is a homogeneous interstitial 
substance. The closer the meshes of the reticulum, 
the less there is of this interstitial substance, and the 
more regularly granular does it appear. In the meshes 
of the reticulum, however, may be included larger or 
smaller granules of fat, pigment, or other material. 
Water makes protoplasm swell up, and ultimately 
become disintegrated ; so do dilute acids and alkalies. 
All substances that coagulate proteids have the same 
effect on protoplasm. 

7. The nucleus, the size of which is generally in 
proportion to that of the cell, is usually spherical or 
oval. It is composed of a more or less distinct invest- 
ing cuticle and the nuclear contents, which are in the 
ripe state arranged as an irregular or regular network, 
the parts of which may be uniform fibrils or septa^ or 
irregularly-shaped trabeculss. In the life history of 
each nucleus there may be stages in which one or more 
clumps or nucleoli are present in the nuclear network. 
The substance of the nucleus differs chemically from 
that of the cell, the former containing nucleva. 

Immediately before division the nuclear membrane 
disappears, and also immediately after division the 
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nuclear matter shows no definite boundary. The 
nuclear membrane when present is a condensed outer 
stratum of the nuclear matter. 

' In some instances it can be shown that the 
nuclear fibrils are in continuity with the fibrils of the 
cell substanca In the moving white blood corpuscles 
Strieker and Unger have seen the nucleus becoming 
one with the cell substance, and again afterwards 
difierentiated by the appearance of a membrane. 

8. During division of the cell the nucleus 
divides generally before the cell protoplasm. This 
division of the nucleus has previously been supposed 
to occur in the same manner as that of the cell pro- 
toplasm — t.e., by simple cleavage. This mode is called 
the direct division, or Kemak's mode of division. 
In .this division the nucleus is supposed to become 
constricted, kidney-shaped and hour-glass shaped, and 
if the division is into more than two, lobed. Nuclei 
of these shapes are not uncommon ; but they need not 
necessarily indicate direct division, because, being 
very soft structures, pressure exerted from outside, or 
the motion of the cell protoplasm, may produce these 
shapes ; and, further, the contractility of the nucleus 
may and occasionally has been observed to cause 
these changes of shape. From the observations of 
recent investigators — Biitschli, Hertwig, Strassburger, 
Mayzel, van Beneden, Balfour, Eberth, Schleicher, 
Peremeschko, Flemming, Klein, Arnold, Pfiitzner, 
Retzius, Bizzozero, and many others — ^it is now known 
that in the embryo and adult, in plant and animal, 
vertebrates and invertebrates, all kinds of cells, before 
their protoplasm undergoes division, show complicated 
changes of their nucleus, leading to division. This 
manner of division is called the indirect division or 
karyokinesis. It has been observed by Mayzel, 
Schleicher, and Flemming, that the nuclear fibrils 
show movement, hence the name karyokinesis. This 
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process of the karyokinesis is represented in the ad- 
joining figure, 5, and it consists of the following phases : 
(a) The nuclear network become very pronounced, 
while the nuclear membrane disappears, and the 
fibrils of the nuclear network becomes twisted and 
bent into a more or less d^ise convoltition; at the 
same time the nucleus, as a whole, is considerably- 
enlarged, (b) The fibrils unravel into loops, arranged 




Fi^. 5.— Karyokixiesis. 

A, Ordinary nnclens of a columnar epithelial cell ; b, c, the eame nucleus in the 
stage of convolution ; il the wreath, or rosette form ; k, the aster, or single 
star ; f, a nuclear spindle from the Descemet's enduthelium of the frog's 
cornea; o, h, i, diaster ; k, two daughter nuclei. 

around the centre as a wreath or rosette, (c) The 
peripheral points of the loops become broken, and 
we obtain a star-shaped figure of single loops — the 
(xster, (d) The loops separate into two groups or 
new centres : this is the diaster, or double star, 
(c) The two groups of threads become further apart, 
as if attracted by opposite poles ; but the two groups 
remain still connected with one another by fine pale 
threads. These latter differ from the others in not 
staining with certain dyes, and representing the in- 
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terstitial substance of the nuclear matter — i.e., the pale 
substance contained in the original reticulum of the 
nucleus. Flemming calls this substance achromatin, 
whereas the threads forming the original network, the 
convolution, aster and diaster, he calls chromatin, on 
account of its readily staining with dyes. 

In this stage the whole figure resembles a spindle, 
the nuclear spindle of Biitschli (Fig. 5, p). 

(/) Further, all connection between the two sets 
of threads is broken — i.e., between the stars of the 
diaster. {g) The threads of each set become greatly 
convoluted. (A) A membrane appears for each set. 
In this stage we speak of two new or daugJiier nuclei. 
The cell protoplasm may commence to divide at any 
stage between the one when the threads aggregate 
round two centres, and the one when two distinct 
daughter nuclei are present ; or the division of the 
nucleus may not be followed by the division of the cell 
protoplasm, in which case we have a two-nucleated 
cell. In some instances, especially of invertebrates and 
lower vertebrates, a peculiar sun-like arrangement of 
fibrils of the cell protoplasm towards each of the two 
stars of the above nuclear fibrils has been observed. 
Martin has noticed, in pathological new growths, a 
simultaneous division into three and four daughter 
nuclei, after the mode of karyokinesis. Although 
this indirect mode of division of the nucleus has been 
observed in all kinds of cells in the embryo, and to a 
limited degree also in the adult, it is not proved to 
be the universal mode of nuclear division. On the 
contrary, there is strong evidence that in amoeboid 
corpuscles division of the nucleus follows the direct 
mode, and it is also probable that other nuclei, under 
certain conditions, may undergo the direct mode of 
division. 
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CHAPTER IL 

BLOOD. 

9. Under the microscope blood appears as a trans- 
parent fluid, the liquor sanguinis or plasmoy in which 
float vast numbers of formed bodies, the blood cor- 
puscles. The great majority of these are coloured: 
a few of them are colourless. The latter are called 
white or colourless blood corpuscles, or leucocytes. 
The former are called red or colou/red blood corpuscles, 
and appear red only when seen in a thick layer; 
when in a single layer they appear of a yellow- 
greenish colour, more yellow if of arterial, more 
green if of venous blood. The proportions of 
plasma and blood corpuscles are sixty-four of the 
former and thirty-six of the latter in one hundred 
volumes of blood. By measurement it has been fouiid 
that there are a little over Ave millions of blood 
corpuscles in each cubic millimetre (^-g- of a cubic inch) 
of human blood. There appears to be in healthy 
human blood one white corpuscle for 600-1200 red 
ones. In man and mammals the relative number of 
blood corpuscles is greater than in birds, and in birds 
greater than in lower vertebrates. 

10. The red Mood corpuscles (Fig. 6) of man 
a^d mammals are homogeneouB bi-concave discs (except 
in the camelidse, where they are elliptical), and do not 
possess any nucleiis. Being bi-concave in shape, they 
are thinner and more transparent in the centre thw 
at the periphery. In other vertebrates they are oval 
and more or less flattened from side to side, and each 
possesses a central oval nucleus. 

The diameter of the human red blood corpuscles is 
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A B 

Fiff. 6w— Yarioiu UndB of Bed Blood 
CoipoBolefl. 

A, Two hainan, one teen from the broAd. 
the other from the OArrow side ; b, a red 
oorpoaele of the camel ; o, two red corpus- 
cles of the trosTt one seen from the broad, 
the other from the narrow dde. 



about -jTHyzy ^^ an inch on the broad, and ^gSoo ^'^ ^^ 

inch on the narrow side. But there are always 

corpuscles present which are much smaller by about 

one-third to one-half 

than the others. In 

normal blood these 

small red corpuscles 

are scarce ; in certain 

abnormal conditions, 

especially anaemia, or 

scarcity of blood, they 

are more numerous. 

According to Gulliver, Welcker, and others, the 
following are the measurements of the sizes of red 
blood corpuscles of various vertebrates : — man, -j^^ ; 
<iog> TTiny ^ cat, -^^ ; sheep, ^rnnr y elephant, ^^s 5 
^oroe, TeW y ™^"sk deer, y^|^ ; pigeon, -^jj ; toad, 
tAt I ne^» ¥TT ; proteus, :^ ; pike, ^^ ; shark, 

1 1. In a microscopic specimen of fresh unaltered blood 
(Fig. 7) the red blood corpuscles form peculiar shorter 

or longer rolls, like so 
many coins, becoming 
adherent to one another 
by their broad surfaces. 
Under various condi- 
tions — such as when 
isolated, or when blood 
is diluted with saline 
solution or solutions of 
other salts (sulphate of 
sodium or magnesium) 
— the corpuscles lose 
their smooth circular 
outline, shrinking and 
In a further stage of this 
procesa of shrinking they lose their discoid form, and 




Figr. 7.-rHiiiiuai Blood, fresb. 

A, Ronleaux of red corpuscles ; b, isolated 
red corpuscle seen in profile ; o, isolated 
red corpuscle seen from its broad sur- 
face ; D, white corpuscles. 

becoming crenate (Pig. 8, a). 
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become smaller and sj^erical, but beset all over their 

surface with minute processes. This shape is called the 

horseicliestnfViU shape (Fig. 8, 6, c). It is pro- 

O O hably due to the corpuscles losing carbonic 

acid, as its addition brings back their discoid 

shape and smooth circular outline. On ab- 

♦ 9 stracting the carbonic acid they return to 

^ the horse-chestnut shape. Water, acid, 

fed" bKS alcohol, ether, the electric current, and 

o.^^to^^» OL '^^^y other reagents, produce discoloration 

^ne^oh^iS of the red blood corpuscles ; the colouring 

matter — generally the combination of 

the blood-colouring matter with globulin known as 

hasmoglobin — ^becoming dissolved in the pla.sma. 

What is left of the corpuscles is called the 

stroma. In newts' and frogs' blood a separation of 

the stroma from the 

nucleus plus hasmoglobin 

can be effected by means 

of boracic acid (B%. 9, b) ; 

the former is called by 

Bnicke the Oikoid, the , ^ , . 

latter Zooid. This stroma ^ '-^^JSfNSrt?'^'' °' 

/contains amongst other a. Human red corpusclesafcer the action 

\r . J J 1 * of tannic add : a, three red corpuscles, 

tnmgS a good Cleai OI parar from which the haamoglobm Is pasBlnsr 

-.1 V T mv _. out ; 6, Roberts's Gorpuscleg. 

giODUXm. Ine stroma b, Newt's red corpuscles after the action 

*• .1 1 i» of boracic acid : a, a corpuscle showing 

01 tne corpuscles OI BrOckes' Boold and olkoid ; », a corpus- 

1 .-I . • cle idiowlng the reticulated stroma ; 

ampniDianS is seen. «, a corpuscle showing the reticulum 

1 _, • J. >n the nucleus ; d, the nucleus passing 

under certain reagents, out. 
to be of a reticulated 

structure, but in the fresh state appears homo- 
geneous and pale. Discoloration of the blood cor- 
puscles can be observed to take place also in blood 
without the addition of any or with that of per- 
fectly harmless fluids, such as humor aqueus of 
the eye, hydrocele fluid, <fec. The number of cor- 
puscles undergoing discoloration is, however, smaJL 
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The elements of the blood described by Dr. William 
Norris, of Binningham, as the iuvitdble, pale, or diird 
corpuscle, are aimplj red blood oorposcles that have 
become discoloured by the mode of preparatioQ 
(Alice Hart). 

12. The bnmoBlobln of the red blood corpuscles 
forms crystals {Fig. 10), which differ in shape in tlie 
various mammals. 

They are always 

of microscopic siee, : 

and of a bright red ^. ^^ 

colour. -<4l, IgJI 

In man and A 

most mammals 
they are of the ^a 

shape of prismatic ^g^^ 

needles, or rhombic ^^^^b 

plates ; in the _ ^f „ ... . , 

r . ' , , Fig. 10.— HemoKlobin orjataJa. 

squirrel they are i.MB„iii«-pig:fl,Df»iuirrei,c.D,i,™«i, 

hexagonal plates, 

and in the guinea-pig they are tetrahedral or octo- 

hedraL The blood pigment itself is an amorphous 

dark-brown or black powder — the hamiatin, ; but it 

can be obtained in a ciystalline form as hydro- 
chlorate of hsematinfFig. 11). These crystals 

^^J(t also tre of microscopic size, of a nut-brown . 

^fm 4 colour, of the shape of narrow rhombic 
• plates, and are called' hamin cryatalt, or 

mSJriTiSiT Teichma/iin'B crystals. In estravasated 
human blood crystals of a bright yellow 

or orange colour are occasionally met with ; they are 

called by Virchow, their discoyerer, Juematoidin. 

They are supposed to be identical with bilirubin, 

obtainable from human bile. 

13. The ivhite or coloniiess hlood eor- 
pnscles are in human blood of about ti-^j^tj to j-^V?f 
of an inch in diameter, and are spherical in the 
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circulating blood or in blood that has just been 
removed from the vessels. Their substance is trans- 
parent granular-looking protoplasm, containing larger 
or smaller bright granules. These granules are 
either of a fatty nature, or, as in some kinds of 
blood, notably horses', are of a reddish cc^our, 
and these corpuscles are supposed by some observers 
(Semmer and Alexander Schmidt) to be inter- 
mediate between red and white corpuscles. The 
protoplasm of the colourless corpuscles contains 
glycogen (Ranvier, Schafer). In the blood of lower 
vertebrates the colourless corpuscles are considerably 
larger than in mammals. But in all cases they 
consist of protoplasm, include one, two, or more 
nuclei, and show amoeboid movement. This may be 
observed in corpuscles without any addition to a 
fresh microscopic specimen of blood, but it always 
becomes much Lre%ounced on applying artific^l 
heat of about the degree of mammals' blood. It 
is then seen that they throw out longer or shorter 
filamentous processes, which may gradually lengthen 
or be withdrawn, appearing again at another point of 
the periphery. The corpuscle changes its position 
either by a flowing movement of , its protoplasm as a 
whole, thus rapidly creeping along the field of the 
microscope, or it may push out a filamentous process 
and shift the rest of its body into it. During this 
movement the corpuscle may take up granules from 
the surrounding fluid. 

14. The white corpuscles of the same sample of 
blood difler in size and aspect within considerable 
limits, some being half the size of others, some much 
paler than others. The smaller examples generally 
possess one nucleus occupying the greater paxt of the 
corpuscle, the larger ones usually include two, three, 
or even more nuclei, and show more decided 
amoeboid movement than the others. Division by 



Chap. II.] Blood. 15 

cleayage of the white corpuscles of the blood of lower 
vertebrates has been directly observed by Klein and 
Ranvier. 

15. In every microscopic specimen of the blood 
of man and mammals are found a variable number 
of large granules, more or less angular, singly or in 
groups, which have been specially studied by Osier. 
According to Bizzozero they are, when 

observed in the living and freish blood, O « 
pale^ circular, or slightly oval discs ^^^ Q 
(Fig. 12, 5). Their size is only ^ to ^ VJ 
of that of the red blood corpuscles. ^ 

They are called by him hlood plates, and • ® 
he supposes them to be of essential im- ^*' BioS^™"* 
portance in the coagulation of the blood, %SSi%SS 
in fact, the fibrin ferment Hayem gjte. of 'utao. 
described them previously as being in- 
termediate forms^in the development of red blood 
corpuscles, and called tiiem hsematoplasts. 

16. ]>evelopment of Blood Corpuscles.— 
At an early stage of embryonal life, when blood 
makes its appearance it is a colourless fluid, contain* 
ing only white corpuscles (each with a nucleus), which 
are derived from certain cells of the mesoblast. These 
white corpuscles change into red ones, which become 
flattened, and their protoplasm gets homogeneous and 
of a yellowish colour. AU through embryonal life new 
white corpuscles ore transformed into red ones. In 
the embryo of man and mammals these red corpuscles 
retain their nuclei for some time, but ultimately lose 
them. "New nucleated red blood corpuscles are, how- 
ever, formed by division of old red corpuscles. Such 
division has been observed even in adult blood of 
lower vertebrates (Peremeschko) as well as in mammals 
(marrow of bone by Bizzozero and Torre). 

An important source for the new formation of red 
corpuscles in the embryo and adult is the red marrow 
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of bones (Neumaim, Bizzozero, Rmdfleisch), in which 
numerous nucleated protoplasmic cells (marrow cells) 
are converted into nucleated I'ed blood corpuscles. The 
protoplasm of the corpuscle becomes homogeneous and 
tinged with yellow, the nucleus being ultimately lost 
The spleen is also assumed to be a place for the forma- 
tion of red blood corpuscles. Again, it is assumed that 
ordinary white blood corpuscles are transformed into 
red ones, but of this there is no conclusive evidenca 
In all tliese instances the protoplasm becomes homo- 
geneous and fiUed with heemoglobin, while the cell 
grows flattened, discoid, and the nucleus in the end 
disappears. 

Schafer described intracellular (endogenous) for- 
mation of red blood corpuscles at first as small heemo- 
globin particles, but soon growing into red blood cor- 
puscles, in certain cells of the subcutaneous tissue of 
young animals. Malassez describes the red blood cor- 
puscles originating by a process of continued budding 
from the marrow cells. 

The white corpuscles appear essentially to be 
derived from the lymphatic organs, whence they are 
carried by the lymph into the circulating blood. 



CHAPTER III. 

EPITHELIUM. 

17. Epithelial ceUs (Fig. 13a) are nudedtedproto- 
plasmic cBUsy/orming continuous masses on the surface of 
the skin, of tJie lining membrane of the alimentary canal, 
the respiratory organs, the urinary and genital organs, 
the free surface of the conjunctiva, and the anterior 
surface of the cornea. The lining of the tubes and 
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alveoli of secreting and excreting glands, such as the 
kidney, liver, mammary gland, testis and ovary, the 
salivary glands, mucous, peptic, and lieberkiihn's 
glands, the sweat and sebaceous glands, the hair 
follicles, <&c., consists of epithelial cells. Such is the 
case also with the sensory or terminal parts of the 
organs of the special senses. And, finally, epithelial 
cells. occur iu other 
organs, such as the 
thyroid gland, the 
pituitary body, &c. 

The hairs and 
nails, the cuticle of 
the skin, certain 
parts of the rods 
and cones of the 
retina, and the rods 
of corti of the organ 
of hearing, are modi- 
fied epithelial struc- 
tures. 

Epithelial cells 
are grouped together 
by exceedingly thin 
layers of an albu- 
minous interstitial 
cement avhstcmce^ 





Fig. ISA.— YarionB kinds of Epitheliid Cells. 

A% Oolumnar cells of Intestine; b, polyhedral 
cells of the conjunctiva: c, ciliated conical 
cells of the trachea ; d. aliated cell of frog's 
mouth ; ■, inverted conical cell of trachea; 
T, squamous cell of the cavity of mouth, seen 
from its broad surface ; G, squamous cell, seen 
firom its narrow side. 



which during life is 

of a semi-fluid nature, and belongs to the group of 

bodies known as globulins. 

18. As regards sbape we distinguish two kinds 
of epithelial cells — columnar and squamous. The 
coLwmnayr cells are short or long, cylindrical or pris- 
matic, pyramidal, conical, club-shaped, peajr-shaped, 
or spindle-shaped; their nucleus is always more or 
less oval, their protoplasm more or less longitudiaally 
striated. On the free sur&use of the cells — i,e,y the 
c 
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part facing a cavity, canal, or general surface — ^in many 
instances a bright thinner or thicker cuticular struc- 
ture is seen, with more or less distinct vertical striation. 
The conical or spindle-shaped, club-shaped, and pear- 
shaped oeUs ai% drawn out into longer or shorter 
single or branched extremities. 

The BquaimMM or pavememl^ ceRs are cubical, 
polyhedral or scaly. The nucleus of the former is 
almost spherical that of the latter flattened in propor- 
tion to the thinness of the scales. In polyhedral 
cells it cJin be occasionally perceived that the granula- 
tion is due to the regular honeycombed nature of the 
cell protoplasm. 

19. As regards size, the epithelial cells differ 
considerably from one another in different parts, and 
even in the same part. Thus, the columnar cells, 

covering the surface of 
the villi of the small in- 
testine, are considerably 
longer than those lining 
the mucous membrane of 
the uterus ; the columnar 
cells lining the larger 
ducts of the kidney are 
considerably longer than 
those lining the small 
ducts ; the polyhedral 
cells covering the anterior 
surface of the cornea are considerably smaller than 
those on the surface of the lining membrane of the 
urinary bladder; the scales lining the ultimate recesses 
of the bronchial tubes — the air cells — are considerably 
smaller than those on the surface of the membrane 
lining the human oral cavity and oesophagus. 

20. As regards anrangpement, the epithelial cells 
are either arranged as a single layer or are stratified, 
forming several superimposed layers ; in the former case 






-Three MnoaB-flecretiii 
Qoblet CeUs. 

A, From the stomach of newt ; b. trom 
a mucous gland ; o, trom the surface 
of the mucous memhrane of the in 
testine. 
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we have a simple in the latter a stratified epithelium. 
The simple ^ithelium may be composed of squamous 
cells — simple sguamotLS or simple pavemsnt epithe- 
liwm — or it may be composed of columnar cells — 
simple colwm/nar epithelium. The stratified epithelium 
may be stratified pavement, or stratified columnar; 
in the former case all or the majority of the layers 
consist of squamous or polyhedral cells, in the latter 
all ceUs belong to the columnar kind. Simple 
squcem&us epithelium is that which lines the air 
cells, certain urinary tubules of the kidney (the looped 
tub^ of Henle, the cortical parts of the collecting 
tubes), the acini of the milk-gland, the inner surface 
of the iris and choroid membrane of the eyeball. 
Simple colum.nar epithelium, is that on the inner 
surface of the stomach, small and large intestine, 
uterus, small bronchi, ducts and acini of mucous and 
salivary glands, of some kidney tubules, &c. Stratified 
pavemeiU epithelium i& that on the epidermis, the 
epithelium lining the cavity of the mouth, pharynx, 
and oesophagus in man and mammals, the anterior 
surface of the cornea, &o. 

21. The epidermis (Fig. 14) consists of the fol< 
lowing layers : — (a) Stratum comeum : this is the super- 
ficial stratum, and it consists of several layers of homy 
scales, without any nucleus. The layers, which are 
separated from one another by narrow clefts contain- 
ing air, are then in process of desquamation. This 
stratum is thickest on the palm of the hand and 
fingers, and the sole of the foot, (b) The stratum 
lucidum, composed of several dense layers of homy 
scales, in which traces of an exceedingly flattened 
nucleus may be perceived, (c) Then follow many 
layers of nucleated cells, forming the stratum or 
rete MaJpighii or rete mucosum. The most super- 
ficial layer or layers of it are flattened scales, which 
are characterised by the presence around the nucleus 
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of globular or elliptical grantiles of the nature inter- 
mediate tetween protoplasm and keratiiL Their sub- 
stance is called 
eleidiu (Ban- 
, vier) ; these 
cells form the 
granular layer 
(stratum gra- 
nulosum) of 
LangerhauH. 
Deeper down 
the cells be- 
come less flat- 
tened and more 

Fig. l*.-Ftom a Ve^aljeotion through the polyhedml, and 

a.TbeimtTimHilpisliJ); », (h« ■tratnm gnrmlonim! the deepest 

SlSSj """^ ''^'*'™ ' * "" "TUum oomeum. f omj ^ layer of 

more or less 
columnar cells, placed vertically on the sor&iM of 
the subjacent oorium. 

The substance of the 
hairs, n^s, claws, booEs, 
consists of homy scaler t, 
{See chapter on Skin.) 

22. The atraailed 
paveneni epltbe- 
llnm (Fig. 15) lining ihe 
cavity of the mouth, the 
surface of the tongue, the 
pharynx and gesophagus 
of man and mammals, and 
the anterior surfaceof the 
cornea, dtc, is, as reg^ards _. ,_ .-- ~. .. . ~ .. 

■~- 1 1 I 6 p™_ 15.— From & Tertual SeoUon 

the style and arrange- Quoogli the autarka tafaia 01 the 
ment of the cells, identi- ^ 



1 •A.-i. ^1 -Li- a. The itrntlfled pr 

Cal with the stratum t. ibe toMuuiiii 
Malpighii of the epider- oEtilid[™S™°^' 



stweeriltH li 
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mis. The cell protoplasm is more transparent in the 
former, and the granular cells of the stratum granu- 
losum are not always present, but they generally are 
in the epithelium of the tongue and of the rest of the 
oral cavity; The most superficial scales show more or 
less homy transformation. 

23. Stratified columnar epitbelium is met 
with on the Hning membrane of the respiratory 
organs, as larynx, trachea, and large bronchi It 
consists of^several layers of columnar cells : a super- 
ficial layer of conical or prismatic cells, with a more 
or less pointed extremity directed towards the depth ; 
between these are inserted spindle-shaped cells, and 
finally inverted conical cells. 

Tlie epithelium of the ureter and bladder is called 
transitional epithelium. It is stratified, and the most 
superficial layer consints of squamous cells. Under- 
neath this is a layer of club-shaped cells, between 
which extend one or more layers of small spindle- 
shaped cells* 

Amongst the columnar epithelial cells occurring 
in man and mammals the ciliated cells and the goblet 
cells, and amongst the squamous cells the pricJde cells, 
deserve special attention. 

24. Ciliated cells are characterised by possess- 
ing a bundle of very fine longer or shorter hairs or 
cilia on their free surfaca These cilia are direct pro- 
longations of the cell protoplasm. More correctly 
speaking, the cilia are continuous with the filaments 
or striae of the cell protoplasm. The superficial layer 
of conical cells of the epithelium in the respiratory 
organs, the columnar cells lining the uterus and ovi- 
duct, and the columnar cells lining the tubes of the 
epididymis possess such cilia. In lower vertebrates 
the ciliated cells are much more frequently observed ; 
in Batrachia the epithelial cells lining the mouth, 
pharynx, and oesophagus are ciliated. 
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While fresh in contact with the membrane which 
they line, or even after removal from it, provided 
the cells are still alive, the ciliated cells show a rapid 
synchronous whip-like movement of their cilia^ the 
cilia of all cells moving in the same direction. The 
movement ceases on l£ie death of the cell, but may 
become slower and may cease owing to other causes 
than death, such as coagulation of mucus on the 
surface, want of sufficient oxygen, presence of car- 
bonic acid, low temperature, &c. Under these circum- 
stances, removal of the impediment will generally 
restore the activity of the cilia. Moderate electric 
currents and heat stimulate the movement, strong 
electric currents and cold retard it. Keagents fatally 
affecting cell protoplasm also stop permanently the 
ciliary action. 

25. €U»blet or chaliee cells (Figs. 13b, 16) are 
cells of the shape of a conical chalice. The pointed part 

is directed away from the free surface, 

and contains a compressed triangular 

nucleus, surrounded by. a trace 

of protoplasm. The body of the 

From J^enLi sec goblct coutaius mucus. This latter 

£SiiieuS?*Si tSl ^^-y ^ ^ various states of forma- 

Burface of the mu- tion, and mav at any time be poured 

cous membraDe oi , <» ■■ i-i *>. -i -i -Ti 

the large inteatlne. out of the Cell. Goblet CcUs are 

'^poS&SSttiiS most commonly met with amongst 
SSiSir^'cSSiJS the epithelium lining the respiratory 

organs, the surface of the stomach and 
intestines, and especially in mucous glands, in whose 
secreting portion all cells are goblet cells. . 

The protoplasm of columnar cells facing a free 
surface, no matter whether in simple or stratified 
epithelium, ciliated or non-ciliated, may imdei^o 
such alteration as will lead to the transforma- 
tion of the cell into a goblet cell. This takes 
place during life, and, in fact, represents an im- 
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poitant function of columnar epithelial cells — ^viz., 
the formation of mucus. In mucus-secreting 
glands all the epithelial cells have this function 
permanently, but in ordinary columnar epithelium 
only a comparatively small number of the cells, 
as a rule, undergo this change, and then only 
temporarily ; for a cell subject to it at one time may 
shortly afterwards resume -the original shape and 
aspect of an ordinary protoplasmic, cylindrical, or 
conical epithelial cell, and vice versa. If ciliated 
cells undergo this change, the cilia are generally first 
detached. 

It can be shown that in this change of an ordinary 
columnar epithelial cell into a goblet cell, the inter- 
stitial substance of the cell reticulum increases in 
amount, the meshes enlarging and distending the body 
of the cell. The interstitial substance probably under- 
goes the chaiige into mucin. 

26. PiicMe Cells (Fig. 14). — ^Amongst the middle 
and deeper layers of the stratified pavement epithelium, 
sudi as is present in the epidermis and on the surface 
of the oral cavity and pharynx, we meet with a close, 
more or less distinct and regular striation, extending 
from the margin of one cell to that of each of its 
neighbours, by means of fine transverse short fibrils 
which, pairing from protoplasm to protoplasm, connect 
the suiiaces of the cells. 

27. Pigmented epithelial cells — t.e., epithelial cells 
filled with black pigment particles (crystals) — are found 
on the internal surface of the choroid and iris of 
the eyeball. 

In coloured skins, and in coloured patches of skin 
and mucous membrane, such as occur in man and 
animals, there is found pigment in the shape of 
granules lodged in the protoplasm of the deeper 
epithelial cells, as well as in branched cells situated 
between the epithelial cellsof the deeper layers. Minute 
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branched non-pigmented nucleated cells are met with 
in th& interstitial or cement substance of yarious kinds 
of epithelium, simple and stratified, e,g., epidermis, 
epithelium of oral cavity, cornea, <&a 

28. Epithelial cells und^go division, and by this 
means a constant regeneration takes placa in those 
parts where the loss of the superficial layers of calls is 
conspicuous, such as the epidermis, the stratified epi- 
thelium of the tongue and oral cavity, the sebaceous 
follicles of hairs, the regeneration goes on more 
copiously than at places where no such conspicuous loss 
occurs— as, for instance, in the stomach and intestines, 
the secreting glands, or sense organs. 

In the stratified pavement epithelium it is the cells 
of the deepest layer which chiefiy divide ; the next 
layer thereby becomes gradually shifted towards the 
surface, and more flattened, and on reaching the surface 
dries up owing to rapid loss of water. 

29. The interstitial substance between the epi- 
thelial cells being soft and semi-fluid, and the proto- 
plasm of the epithelial cells themselves being a soft 
flexible material, it is possible for the cells to change 
their shape and arrangement after pressure and tension, 
exerted on them by the contraction or distension of the 
membrane on which they are situated. Thus, for in- 
stance, the epithelium lining a middle-sized bronchus 
may appear at one time as composed of long, thin, 
columnar epithelial cells in two layers ; at another, as 
a single layer of long columnar cells; or again as 
a single layer of polyhedral or short columnar cells : 
the first is the case when the bronchus is contracted, 
the second when it is in a medium state of distension, 
the third \p^hen it is much distended. Similar changes 
may be noticed on the epithelium lining the mucous 
membrane of the bladder, gland tubes, the epidermis, 
and various other epithelial structures. 
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CHAPTER IV. 

ENDOTHELIUM. 

30. The free surfaces of the serous and synovial 
membranes, and of those of the brain and spinal 
cord, the posterior surfieice of the cornea and anterior 
surface of the iris, the surfaces of tendon and tendon- 
sheaths, the Ijmph sinuses or lymph sacs of amphibian 
animals, the cavity of the heart, of blood-vessels 
and of lymphatic-vessels are lined with a continuous 
endothelial membrane^ composed of 
a single layer of flattened trans- 
parent squamcus cells, caUed endo- 
thelial cells (Fig. 17). Each contains 
an oval nucleuSy situated generally 
excentricaUy. Just as in the case 

of epithelium, the endothelial cell ''*^,* the"Me8en?el5°S 
plates are joined by a fluid or semi- oat« 
fluid homogeneous interstitial or "^STSu! ^•"tt; 
cement substance of the nature of SSI^wS t^own.* *'***' 
globulin. When examining any of 
the above structures fresh the endothelial cells are 
not, as a rule, visible, owing to their great trans- 
parency; but by staining the structures with a 
dilute solution of nitrate of silver, and then ex- 
posing them to the influence of the light, the cement 
substance appears stained black, whereby the shape 
and size of the cell plates become evident. By various 
dyes also the nucleus of each cell plate may be brought 
into view. 

On careful examination, ai^d with suitable re- 
agents, it can be shown that each endothelial cell 
consists of a homogeneous groundrplate. In it 
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lies the nucleus, and around it is a substance which 
appears granular, but irhich is of a fibrillar uKture, 
the fibiillee being arranged in a network, and ext«nd- 



Diaphragm o) .. _. ._.__, 

Oie ontlinea ot the Endotlielliil Celli formlii; the mU of the 
lormphatiw. 
a. Big limpliUtc wneli; t. [fiuvtistlc opillarlfB; c. Bpfuml eildl of [tu 
aidllnriei. (Hudboiik.) 

ing in laaDj places up to the margin of the ground- 
plate. The nucleus is limited by a membrane, and 
contains a well-developed reticulunu The fibrillfe 
of the cell substance appear in connection with the 
nuclear reticulum. 

31. As regards jibape, endothelial cells di£^ 
considerably. Those of the plenra, pericardium, 
peritoneum, and endocardium of man and mammals 
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are more or less polygonal, or slightly elongated. Their 
outlines vary ; in the lining of the lymph saca of the 
fo)g they are mnch larger, and of very sinuous out- 
line J while those of the posterior surface of the cornea 



are very regular, pentagonal, or hexagonal, having 
straight outlines in the perfectly normal and ■well-pre- 
served condition, but serrated and sinuous after tii&y 
have been prepared with various reagents and in the 
abnormal state ; the endothelial plates lining the blood- 
vessels and lymphatic vessels (F^. 16) are narrow and 
elongated, with more or less sinuous outlines. In the 
lymphatic capillaries the endothelial plates are poly- 
gonal, but their outline serrated, 

33. As a rule the endothelial cells are Sattenedj 
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i.e., scaly — ^bnt in some places they are polyhedral, 
or even short columnar. Such cella occur isolated or 
in small groups, or covering lai^ and small patches, 
nodular, villous, or cord-like Btnictures of the pleura 



Fig. 20.— Poft of PeHbaneal Surface of the Centnil Tecdoii ol Ciapbnum 
of fisbUt, prepued with Kltnte of SUvar. 



and omentum, on the synovial membranes, tunica 

vaginalis testis, Ac. They are especially observable 
in considerable numbers in the pleura and omentum 
(Fig. 19) of all normal subjects (human, ape, dog, cat, 
and rodent animals); their number and .frequency of 
occurreace are increased in patholt^cal conditions 
(chronic inflammations, tuberculosis, cancer, &c). 

These endothelial cells are the germinating endo- 
thelial cells, and they can be shown to be in an 
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actiTe state of divudon. They tbtui |m)dnce small 
spherical lyinphoid (anMBbcHd) cells, whidi ultimately 
are absorbed by the lymphatics, and carried into the 
blood system as white blood corpasclee. On the but- 



Flg. SI.— Fart ol OmeDtam of Cat, stained with mtnts of SUrer. 
■» Fen»tre or liaT«i ; KlnbecaUe 
liUterllneuottb 



face of the serotiB mei^branes, eepedally &e diaphragm 
(Fig. 20) and pleimi, there exist minnte openings, 
lUmiata, leading from the serous cavity into a lym- 
phatic vessel of the serous membrane. These stomata 
ore often lined by germinating cells. 

33. In the frog, germinating cells occur in great 
abundance on the mesogastrium and the part of the 
peritoneum vhich separates the peritoneal cavity 
from the cistema lymphatica magn& This port of 
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• 

the peritoneum is called tbe septum cistemse Ijm- 
phaticsB magnse, and on it occur numerous holes or 
stomata, by which a free communication is established 
between the two cavities. On the peritoneal surface 
of this septum the stomata are often bordered by 
germinating cells. In the female frog, these and 
other germinating endothelial cells of the peritoneum 
(mesogastrium, mesenterium, septum cistemse) are 
ciliated. 

34. The omentum and parts of the pleura are, in 
the adult human subject, ape, dog, cat, guinea-pig, rat, 
&c., of the nature of a feTvestraied memhrane (Fig 21), 
bands of fibrous tissue of various sizes dividing and 
reuniting, and leaving between them larger or smaller 
holes, in shape oblong or circular. These holes 
or fenestrse are not covered with anything, the endo- 
thelial cells adhering only to the surfaces of the 
bands without bridging over the fenestras. On the 
peritoneal surface of the diaphragm the endothelial 
cells possess a different arrangement from that on 
the pleural side ; on the former surface a number of 
lymph channels (that is, clefts between the bundles 
of tendon and muscle) radiate towards the middle 
of the central tendon. The endothelium of the free 
surface over these lymph channels is composed of 
much smaller cells than at the places between, 
so that the endothelium of the peritoneal surface of 
the diaphragm shows numbers of radiating streaks 
of small endothelial cells. Many of these small cells 
are not flattened, but polyhedral, and of the nature 
of germinating cells (Fig. 20.) The above-mentioned 
stomata occur amongst these small endothelial cella 
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CHAPTER V. 

FIBROUS CONNECTIVE TISSUEa 

35. By the name of "connective tissues" we 
designate a variety of tissues which have these things 
in common — ^that they are developed from the same 
embryonal elements ; that they all more or less serve 
as supporting tissue or framework, or connecting sub- 
stance, for nervous, muscidar, glandular, and vascular 
tissues ; that they are capable of taking one another's 
place in the different classes of animals; that in the 
embryo and in the growing condition one may be 
changed into the other; and that in the adult they 
gradually shade off one into the other. 

Connective tissues are divided into the three great 
groups ol (1) fibrous connective tissue; (2) cartilage; 
(3) bone, to which may be added dentine. Each of 
these is subdivided into several varieties, as will 
appear farther on, but in all instances the grownd 
avhatancey or matrix, or inteTcellular svhstance, is 
to be distinguished from the cells. In the fibrous con- 
nective tissue the matrix yields glutin or geladn, and 
the ceils are called connective tisstte cells, or connective 
tissue corpuscles. In the cartilage the ground sub- 
stance yields chondrin, and the cells are called carti- 
lage cells. In the third group the ground substance 
contains inorganic lime salts, intimately connected 
with a fibrous matrix, and the cells are called hone 
cells. 

36. The fibrous connectiFe tissue, or mrlilte 
fibrous tissue, occurs in the skin and mucous 
membranes, in the serous and synovial membranes, 
in the membranes of the brain and spinal cord, in 
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tenaons and teadon sheaths, in &aciK and aponeuroees, 
in the intermuscular tissue,- and in the tissue con- 
necting neighbouring organs, &c It consists of 
microscopic hand-like or cylindrical bundles or fasciculi 
of exceedingly fine homogeneous fihrils (Fig. 22), which 
are known as the elementary covmective tissue JibriU. 



Fig. Sa.— Plena ol BnndleB ot Filswu Tisroa trom ths Omentam 



aplCuTliIiwdTe 



>;<<,plum>«lli. (AtUs.i 



According to the number of these the bundles differ 
in size. The bundles, and also their constituent 
fibrils, may be of very great length— several inches. 
Where the fibrous tissue forma continuous maaaea — 
as in tendon, fascia, aponeurosis, skin, and mucous 
membrane — the microscopic bundlea are abrogated 
into smaller or larger groups, the IrabeculcE, and these 
are again associated into groups. The fibrils are held 
together by an af^mimoiM (globulin), semi-tluid, homo- 
geneous eetneiU gubstance, which is also present betrreen 
the bundles forming a trabecula. 

On adding an acid or an alkali to a bmidle of 
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fibrous tifisue, it is seen to swell up and to become 
glassy-looking, homogeneous, and gelatinous. Sub- 
jected to boiling in water, or to digestion by dilute 
acids, the bundles of £brous tissue yield glutin or 
gelatin. 

. 37. According to the arrangement of the bundles, 
the fibrous connective tissue varies in different locali- 
ties. (1) In tendons and fascise the bundles are 
arranged parallel to one another. (2) In the true 
skin and mucous, serous, and synovial membranes, in 
the dura mater and tendon sheaths, the trabeculsB of 
bundles divide repeatedly, cross and interlace very 
intimately with one another, so that thereby a dense 
felt-work is produced. (3) In the subcutaneous, sub- 
mucous, or subserous tissue, in the intermuscular tissue, 
in the tissue connecting with one another different 
organs or the parts of the same organ — ie.^ interstitial 
connective tissue — the texture of the fibrous tissue is 
more or less loose, the trabeculsa dividing and re- 
uniting and crossing one another, but leaving between 
them larger or smalls spaces, cellulse or areolse, so 
that the tissue assumes the character of a loose 
plexus, which is sometimes called '' areolar '' or " cel- 
lular tissue." Such tissue can be more or less easily 
separated into larger or smaller lamellee, or plates of 
trabeculsa. (4) In the omentum and parts of the 
pleura of man, ape, dog, cat, and some rodents, and- 
in the subarachnoidal tissue of the spinal cord and 
brain, the trabeculse form defenestrated membrane, with 
larger or smaller oval or circular holes or f enestrse. 

38. The connective tissue cells or corpuscles 
occurring in white fibrous tissue are of several varie- 
ties, (a) In tendon and fascise the cells are called 
tendon cells or tendon corpuscles; they are flattened 
nucleated protoplasmic cells of a square or oblong 
shape (Fig. 23a), forming continuous rows (single files), 
situated on the surface of groups of bundles of fibrous 

D 
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tissua Between these groups are wider or narrower 
channels — ^the inter/ascictUar spctces — running parallel 
with the long axis of the tendon (Fig. 23b). The cells 
in each row are separated from one another by a narrow 
line of albuminous cement substance, and the round 
nucleus of the cell is generally situated at one end, in 

such a way that in two 
adjacent cells of the grow- 
ing tendon the nuclei 
face each other. This 
indicates that the indi- 
vidual cells undergo divi- 
sion. Corresponding to 
the margin of each row, 
the cells possess minute 
processes. The cell plate 
is not quite flat, but pos- 
sessed of one, two, or even 
three membranous projec- 
tions, by wlxich it is 
wedged in between the 
Fig. 23A.-Prom a Tendon of Tail individual bundles of the 

of Mouse, showing the Tend n fiTOUp tO which the rOW 

^Us. (The tendon ia viewed m j* ii •. i 

the long axis). 01 CCllS belongs. 

39. (b) In the serous 
membranes, cornea, subcu- 
taneous tissue, and loose 
connective tissues, tne cells are flattened transparent 
corpuscles, each with an oblong flattened nucleus, and 
more or less branched and connected by their processes. 
In the cornea they are spoken of as the corneal cor- 
fmscles, and. are very richly branched (Fig. 25). They 
are situated between the lamellae of fibrous bundles of 
which the ground substance of the cornea consists. 

These corpuscles are also situated in the interfasci- 
cular spaces, or spaces left between the bundles of the 
ground substance, which are cavities in the interstitial 




a. The tendon cells seen from their 
broad sarface ; b, the same seen side- 
ways. (Handbook.) 
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substance cementing tiie bundles and trabecnlffi together 

(von Recklinghausen). In tjie cornea and serous mem- 

bt&nes these spaces 

possess the shape 

of branched lacu- 

nce, each lacuna 

being the home 

of the body of 

the cell, Thile the 

branches or cana- 

liculi contain its 



, , , ,. , Piit.KB.'-FroniRTrHiuveraBSaotLontlironBh 

channels by 'which the Tsndons of the Toil (d n HouH, itaiiwd 

neishbourinff lacn- "itli gold c>'' ->- 

*^ . * SsYmU una ti 

uie anastomose hnnobMi «imoiM 

with one another th^ ""SI^SilS. - — , , 

(Fig. 26). The cell S^WtS^^&Si^^^K.-fSSSi 

and its processes do dl>c«n>1Me hen. tli* ltil« «!■ <« tIi«H ron 

not fill up the la- <&25Ko£> " " ong " • 

cuna and ita canali- 

culi. In loose connective tissue the lacuna may be of 

considerable size, and may contain several connective 
cells, which make as it 
were a lining for it 
These in some places are 
very little branched, and 
almost form a continuous 
endotheloid membrane of 
flattened cells. Such is 
the subepithelial endotha- 
■j-ftopoiB. liwm, of Debove, occur- 

i.Bmici^m^i^rettMiiijMijB; -i, pjj^g y/ndeTMotk the epi- 
thelium on the mrfctee 

of the mucous membrane of the bronchi, bladder, 

and intestines. 

40. (c) In the true skin and mucous membraaos 
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the oonneotive tissue ceUs are alao brtmched flattened 
coTpuBcles, and by their lOTiger 
or shorter processes are con- 
nected into a network (Fig. 24). 
Each ceU hM a flattened obl(«ig 
nucleus. As a rule, some of 
the processes are mambraBons 
prolongations coming off under 
an angle from the body of the 
cell, which is then c^ed lie 
chief plate, the processes being 
the secondary plates. By tie 
latter the cell ia wedged in 

^ot^S^ih^D™!^ between the bundles of the tra- 

NotworkaoltheBraclied bocula tO whitA it beloDgS. 

ConwJCoipwoiat. rpj^j^ ehamcter of the cells 

''SlS«°r'^"BDdeM'S"SE n. of poBseesing secondary 

""™^- **"**•' plates) is wdl shown by the 

cells of the skin and 
mucous membranes, 
but only in a very 
limited degree ■ by 
those of the oomee 
and serous mem- 
branes, and somewhat 
better by some of 
those of the subcuta- 
neous and other loose 
connective tissue. 

In the skin and 
mucous membranes 
also die cells and 
their processes are 

Hit.nafArl in l-.hn in- Tiir. Di.—'Vtam the Cornw of KiUni, 
termsciCnlar spaces. tnc the Lympb-auiBl S7«tem. 

41. The conneo- ■.Tt"'',"™""-™".'^?"'?!''^^,^™^"^ 

tire tissue COrpusdeS (uaUnll fir tlw-ceU !*«»■«. CACIuJ 



Chap, v.] Fibrous Connective Tissues. 37 

hitherto mentioned are fixed corpuscles ; they do not 
show movement. Kfihne and Hollett ascribe to the 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said as^ain to protrude them. According to Strieker 
and NoiS^ey acquire contractiHty when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate and a fibrillar 
reticulated (granular-looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the celL 

42. Pigment Cells. — ^In the lower vertebrates, 
especially fishes, reptiles, and amphibian animals, we 
find certain branched nucleated connective tissue cor- 
puscles, distinguished by their size and by the proto- 
plasm both of the cell-body and processes — but not of 
the nucleus — being filled with pigment granules. The 
pigment is either white or yellow, or more commonly 
dio'k brown to black. These cells are called pigmented 
connective tissue cells, or simply pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and also around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrane. 
In dark eyes of mammals a large number of these cells 
are found in the tissue between the sclerotic and 
choroid, as the lamina f usca, and also, but to a more 
limited degree, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a numbei^ of small and large holes 
and minute clefts; such as possess a more spindle- 
shaped body, and long, thin, not very richlv branched 
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processes ; and intermediate forms between tiie twa , 
But on oarsfnl examinatioQ it will be seen that tiieHe 




Fig. 27.— PiBment Cells of the Tail of Tadpola. 

appearances are due to different states of oontractioa 
of the same kind of cells (Fig. 27). 

43. In lower vertebrates the dark pigment cells 
show marked contractility, inasmuch, as they are 
capable of altogether withdrawing into their body the 
pigmented processes. In the passive state these are 
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exceedingly numerous, and fonn a network so dense 
that the whole mass of cells resembles an extremely 
close, network of pigment. In the maximum of 
activity the processes disappear, being withdrawn into 
the cell-body, which now looks like a spherical or 
oblong mass of black pigment. Between the states 
of passiveness and maximum activity there are various 
intermediate grades, in which the pigmented processes 
are of various numbers and lengths. 

44. Owing to the great number of the pigment 
cells in the skin of fishes and amphibian animals, the 
state of contraction of these cells materially affects 
the colour of the skin. If the dark pigment cells 
of a particular part contract, the skin of this parti- 
cular part will become lighter and brighter, the degree 
of lightness and brightness depending on the degree 
of contraction of the pigmented processes by the cells. 
Briicke has shown that darkness is a stimulus to the 
pigmented cells ; they contract, and the skin becomes 
light Sunlight leaves the pigmented cells in the 
passive state, i.e., the skin becomes dark. If pre- 
viously they have been contracted by darkness, on 
being exposed to sunlight they again return to the 
passive state. The contraction of the pigment cells 
is under the direct influence of the nervous system 
(Lister). Pduchet proved that the contractility of the 
pigment cells of the skin of certain fishes is influenced 
as a i*eflex action by the stimulation of the retina by 

light. 

45. Fat Cells. — Fat cells in the ripe and fully- 
formed state are spherical, relatively large vesicles, 
each consisting (a) of a thin protoplasmic membrome, 
which at one point includes an oval mu:leus flattened 
from side to side, and (b) of a substance, which is an 
oil globule filling the cavity of the 'vesicle (Fig. 28). 
These fat cells are massed together by fibrous connective 
tissue into smaller or larger groups, which in their 
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turn form Iodides; these again become lobes, and 
these make continuous masses. Each group and 
lobule has its a^erent a/rteriUe, one or two efferent 
VMtM, and a denee nettoork of oapiUaffiea between ; 
each mesh of the capillary network holding one, 
two or three fat celU. (Pig. 49.) Such are the 



Fig. aS.-~riom ■ Fnpaxation 



natare and arrangement of the &t tisaue in the 
subcutaneous and submucous tissue, in the serous and 
synovial membranes, in the intermuscular tissue, in 
the loose tissue connecting organs or parts of oigaus. 
It can be shown that fat cells are derived from 
ordinary connective tissue cells. In some plaoes — 
both in the embryo and adult — the protoplasm of the 
connective tissue corpuscles growing in size becomes 
filled with small oil globules, which, increasing in 
numbers, become fused with one another to larger 
globules ; as their size thus increases the cell nucleus 
becomes shifted to the peripheiy; ultimately one 
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large oil globule fills the cell, and what is left of the 
cell protoplasm surrounds this oil 'globule like a 
membrane. The cell as a whole has become in this 
process manj times its original size. 

46. It can also be shown that where at one time 
only few isolated connective tissue corpuscleB are 
present^ at another time, in the natural state of 
growth, and especially under very favourable condi- 
tions of nutrition, the connective tissue cells become 
increased by cell-multiplication so as to form gfoups ; 
these continue to increase in size and to be gra- 
dually furnished with their own Eastern of blood- 
vessels; the individual cells constituting the group 
become then converted into fat cells, and their pro- 
cesses are thereby lost. 

Individual connective tissue cells situated in the 
neighbourhood of small blood-vessels are converted 
into fat cells under favourable conditions of nutrition. 

In starvation the fat cells lose their oil globule, 
they become smaller and contain a serous fluid, which 
may ultimately also disappear. Finally, the fat cell 
may be reduced to a small, solid, protoplasmic, dightly 
branched celL 

47. In many places the fibrous connective tissue 
includes, besides the fixed cells, others which show 
amoeboid movement. These are of two kinds: (1) 
migratory or wcmdermg cdU, These are identical 
with colourless blood corpuscles as regards size, shape, 
aspect, and general nature (Fig. 24, m). They wsbider 
about through the spaces of the fibrous tissue. Some 
of them are slightly larger, and possess one spherical 
relatively large nucleus. The amoeboid movement 
of these cells is not so distinct as in the smaller 
variety. (2) Plasma cells of Waldeyer. They are 
larger than the former, less prone to migrating, being 
possessed of only slight amoeboid movement, which 
is, however, sufficiently pronounced to be detected. 
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They contain ajways coarse granules, which are com- 
posed of a substance which is not fat, but something 
between protoplasm and fat. They stain deeply in 
dyes, and the corpuscles correspond to similar "gra- 
nular" corpuscles of the blood. These "granules" 
may change into fat globules, and thus the plasma 
cell becomes transformed into a fat cell. 

48. The wandering cells occur almost in all loose 
fibrous tissues, chiefly around or near blood-vessels ; 
they are not numerously met with in the healthy 
state, but increase greatly in the state of , inflamma- 
tion of the part. The larger kinds are met with 
in certain localities only; in the sub-lingual gland 
of the dog and guinea-pig they occur in numbers 
between the gland tubes or acini They are also 
found in the mucous membrane of the intestine. 
The plasma cells are met with chiefly in the inter- 
muscular tissue, in the mucous and sub-mucous tissue 
of the intestine, in the trabecule of the lymphatic 
glands, and in the omentum* 

49. Development of fibrous tissne«— Fibrous 
connective tissue is developed from embryonal connec- 
tive tissue cells, t.e., from spindle-shaped or branched 
nucleated protoplasmic cells of the mesoblast. ^The 
former are met with isolated or in bundles, as in the 
umbilical cord or embryonal tendon. The latter 
form a network, as in the foetal skin and mucous 
membrana In both instances the protoplasm of the 
embryonal connective tissue cells becomes gradually 
transformed into a bundle of elementary fibrils, 
with a granular-looking interstitial substance. The 
nucleus of the original cell finally disappears. A 
second mode of the formation of fibrous connective 
tissue is this : the embryonal connective tissue cell, 
while growing in substance, produces the fibrous tissue 
at the expense of its peripheral part. A remnant of 
the protoplasm persists around the nucleus. 
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The same modes of formation of connective tissue 
may be also observed in the adult under normal and 
paUiologioal conditions. 

50. Fibrous connective tissue is in most places 
associated with elastic fibres or yellow elastic tissue. 
These ex% of bright aspect, of variable thickness and 
length, branching 

and anastomos- 
ing so aa to form 
networks (Fig, 
29). They are 
sti^ht or more 
or teas twisted , 
and ocoled. The 
latter condition 
may be observed 
when the tissue 
is shrunk, the 
former when it 
is stretched. 
They do not 
swell up in acids 

or ajtalies, nor Fjg.BS.-FcoinaPMparationof thaMesenterj. 

yield glutm or _ ^^,^^^j^^^^„^ ^.^,^^, , ^^,^_,,^, ^^ ^,„^i^ 

gelatin on boil- ' atrcs. Uiis»-) 

ing, but contain 

a chemically different substance, viz., elastin. "When 

broken their ends generaUy curl up. 

51. Elastic fibres occur in great numbers as net- 
works extending between the bundles of fibrous tissue, 
in the skin and mucous membranes, in the serous and 
synovial membranes, and in the loose interstitial con- 
nective tissues. They are not very commonly met 
with in tendons and faacise ; in the former they are 
seen as single fibres often twisting round the tendon 



EUastic fibres forming bundles, but branched and 
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connected into networks within the bundle, are to be 
specially found in considerable numbers in the walls 
of the alveoli of the lung, in the ligamenta flava, in 
the ligamentum nuchsB of the ox — ^in which the fibres 
are exceedingly thick cylinders, — ^in yellow elastic car- 
tilage («ee below), in the endocardium and valves of 
the heart, and in the vascular system, particularly the 
arterial diviBion. In the latter or^ the intima, 
and also to a great extent the media, consist of elastic 
fibrils densely connected into a netwoi^. 

62. The following are special morphological modi- 
fications of the elastic fibres : (a) elastic /enestrated 
membranes of Henle, as met with in the intima 
of the big arteries ; these are in reality networks 
of fibres with very small meshes, and the fibres 
unusually broad and flat. (5) HomiogeneouB elastie 
memhra/nes, which surround, as a delicate sheath, the 
connective tissue trabeculse in some localities, e.g,f 
subcutaneous tissue, (c) Homogeneous4ooking elastic 
membranes in the cornea, found behind the anterior 
epithelium as Bowma/rCa elastica anterior, and at the 
back of the cornea as elastica posterior, or Descemefs 
membrane; in this latter bundles of minute fibrils 
have been observed, {d) Elastic trabeculse forming a 
network, as in the ligamentum pectinatum iridis. 
In the embryonal state the elastic fibres are nucleated, 
the nuclei being the last remnants of the cells from 
which the fibres develop — one cell generally giving 
origin to one fibre. Such nucleated fibres are called 
Henle's nucleated fibres. 

53. Special varieties of fibrous connective tissue 
are these : — 

(1) Adenoid reticvlwm. This is a network of fine 
fibrils, or plates, forming the matrix of lymphatic or 
adenoid tissue (see Lymphatic Glands). The reticulum 
is not fibrous connective tissue nor elastic tissue ; it 
contains nuclei in the young state, being derived from 
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a network of branched cells \ but in the adult state 
the reticulum itself possesses no nuclei Those found on 
it do not form an essential part of it. 

(2) The newroglia of Yirchow is a dense network 
of very £ne homogeneous fibrils forming the support- 
ing tissue for the nervous elements in thie central 
nervous system. These fibrils are supposed to be 
elastic fibres {Gerlach). Embedded in Ihe network of 
these fibres are found branched nucleated flattened 
cell plates, which are the proper connective tissue cells. 

(3) Gelat{nou9 tissue. This occurs chiefly in 
the embryo, being the unripe state of fibrous 
connective iissua It consists of spindle-sh£^>ed or 
branched connective tissue cells, separated from one 
another by a homogeneous transparent mucoid sub- 
stanca It is met witibi in the umbilical cord of the 
embryo, and in the places where fibrous connective 
tissue is to be developed. After birth it is found in 
the tissue of the pulp of the teeth, and in the cavity 
of the middle e^x, and in some places as precursor 
of fat tissue. 



CHAPTER Yl. 

(UBTILAOB. 

54. Cartilage consists of a firm ground substance 
which yields chond/riny and of cells embedded in it. 
Most cartilages (exc^t on the articulation surface) 
are covered on their free surface with a membrane of 
fibrous connective tissue with a few elastic fibrils. 
This membrane is supplied with blood-vessels, lym- 
phatics, and nerves, and is of essential importance for 
the life and growth of the cartilaga This is the peri- 
chondrivan. There are three varieties of cartUage. 
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of maDj short bouea ; at the sternal part of the ribs, 
as coetal cartilages ; at the Tnargin of the stemum, 
scapula, and os ileum-; in the rings of the trachea, the 
cartilages of the bronchi, the septum and lateral carti- 
Ic^es of the bose ; and in 
the thyroid and cricoid 
cartilages of the larynx. 
The ground substance is 
hyaline, transparent, 
ground - glass - like, and 
firm. The cells are 
spherical or oval proto- 
plasmic corpuscles, each 
■with one or two nuclei. 
^- ^-^t^T^^^^' '' They undergo division. 

In tbc hj.lioe BrouDd Buh'tuinr* are *ld although the two off- 

jMnjiie cuiibge ceiii enclosed fa gprjng are at first close 
together — half-moon-li ke 
—they gradually grow wider apart by the deposit 
of hyaline ground substance between them. The 
cells are contained in special cavities called the 
cartilage lactmee. Each cell generally occupies one 
lacuna, but according to the state of division a lacuna 
niay contain two, four, six, or eiglit cartilage cells ; 
the latter are those cases in which division proceeds 
at a more rapid rate than the deposition or formation 
of hyaline ground substance between the cells. 

The part of the cartilage next to the perichondrium 
shows most active gi-owth ; hence th e cells are here smaller, 
closer together, and there is less ground substance. 

Each lacuna is limited by a delicate membrane, 
and, according to the state of the cell, is either com- 
pletely or partially filled out by it. This membrane 
is called the capsule {Fig. 30a). In many cartilftges, 
especially in growing cartilage, it is thickened by the ad- 



Chap. VI.] CASTfLAGS. 47 

dition of a layer or layers of hyaJine ground Bubstance ; 

thia is the most recently-formed part of the matrix, but 

is still distinct 

from the rest of 

the ground aub- 

Btance. 

56. In some 
places, especi- 
ally in articular 
. cartilage (Till- 
manns, Baber), 
bundles of fine 



may be noticed 
in the hyaline 



k PreparatiOD of Stemal 
9« ot Newt. 



stance. drtilage ot 

57. Insotne ■n»i«™.««^»i)^^jj^i^ij<-MU..««i™o« 

cartilages, the 

protoplasm of the cell beixiiiiea filled with fat globules 

(Fig. 30c). Thia fact may be observed in many normal 
cartilages ; Bometimes the fat globules 
become confluent into one large drop, 
and then the cell has the appearance of 
a fat cell. In age, disease, and defi- 
cient nutrition, lime salts are deposited 
in the ground substance, beginning 
from the circumference of the cells 
The lime matter appears in the shape 

Fte.sxj.— TOm oir- of opaque granules, or irregular or 
whf »m Dropipii. angular clumps. The ground sub- 
SSI?^ 11 "*( stance thereby loses its transparency, 
Qninoi-pig. becomes opaque in transmitted, white 

in reflected, light, and, of course, very 

hard and brittle. This process is the calcification of 

cartilage. It is also met with in cartilage that is to be 
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replaced by bone, being tlie precursor of the formation 
of bone, as in the embryo (see below), and at the 
growing ends of tubular bones. 

58. The multiplication of the cartilage cells has 
been observed during life by Schleicher and Flemming. 
It takes place after the mode of karyokinesis. The 
lacunae of the cartilage are not isolated cavities, but 
are connected with one another by fine channels (Fig. 
30b), so that the ground substance is easily permeable 
by the current of nutritive fluid. These chcuinels and 
lLn« make one mtercommumcating system, and ar* 
connected with the lymphatics of the perichondrium 
(Budge). Formed matter — like pigment granules, red 
and white blood corpuscles, and pus corpuscles — ^may 
also find its way into the channels and lacunas of the 
cartilage from the perichondrium. 

At the borders of articular cartilage, where it is 
joined to the synovial membrane and the articulaticm* 
capsule, the cajrtilage cells are more or less branched, 
and pass insensibly into the branched connective tissue 
cells of the membrane. In foetal hyaline cartilage 
many of the cells are spindle-shaped or branched. 

59. In the cartilage separating the bone of the 
i^physes from the end of the di&physis of tubular 
bones, there is a peculiar hyaline cartilage, known as 
the i/rUermedimry or oasyfying. Its cells are arranged in 
characteristic vertical rows, owing to the continued 
division of the cells in a transverse direction. 

Cartilages, or parts of cartilages, in which the cells 
are very closely placed, owing to the absence, or im- 
perfect deposit and formaticm, of ground substance, 
are called parenchymatous. 

60. (2) Fibro^cartilaffe, or connective tissue 
cartilage, occurs as the intervertebral discs, as the 
interarticular cartilages, sesamoid cartilages, and as 
that forming the margin of a fossa glenoidjedia It i$ 
fibrouB carmectwe tissue arraaiged in buncUea^ and these 
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again m layers. The ground substance of this carti- 
lage is said (}) to 
yield chondrin and 
not glutin. Be- 
tween the strata of 
the fibrous bundles 
are rows of more or 
less flattened oval 
protoplasmic nu- 
cleated cells, each 
invested in a deli- 
cate capBule(Fig. 31). 
They are less flat- 
tened than the cells 
of tendon, and the 

capsule diBtintmiHheS ^- 31.— KbroJ3BitiI»eB of an IntarrM- 

the two. Where fibro- eno^ngtieimDiueioiiiurou.iiMiieuuiroin 
cartilage passes Into o* »nUMge »U(. (Atu>.j 

tendinous tissue, 

the two kinds of cells pass insensibly into one another. 
61. (3) Yellow, or 
' elastic cartUage.— 
This variety is also called 
reticular ; it occurs in the 
epiglottis, in the ear-lobe, 
in the Eustachian tube, in 
the cartilages of Wria- 
berg and Santonni in the 
larynx. In the early 
stage this kind is hyaline. 
Gradually numbers of 
elastic fibrils make their 
■ Seottra thtoogh appearance, growing into 
the cartilage matrix from 
the perichondrium in a. 
more or leas vertical direc- 
tion, and branching and anastomosing with one 



Fic.aa.^ 



ths Epiglottii. 



gaoeUi. (AIlu-) 
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another. The final stage is reached when the ground 
substance is permeated by dense networks of elastic 
{ihrils (Fig. 32), so arranged that spherical or oblong 
spaces are left, each of which contains one or two 
cartilage ceUs, surrounded by a smaller or largei^ zone 
of hyaline cartilage ground 8uhM§ 




CHAPTER 

BONE. 

62. Bone, or osseous substince, is 
several other soft tissues to form an anatomical 
individual. 

(a) The periostemn.— Except at the articular 
surfaces, and where bones are joined with one another 
by Hgaments or cartilage, all bones are covered with a 
vascular membrane of fibrous connective tissue. This 
is the periosteum. It consists in most instances of 
an OMtQT fibrous layer, composed of bundles of fibrous 
tissue densely aggregated, and an inner, or osteogenetic 
layer, which is of loose texture, consisting of a mesh- 
work of thin bundles of fibrous tissue, in which 
numerous bloodvessels and many protoplasmic cells are 
contained. The blood-vessels form by their capillaries 
a network. The cells are spheroidal or oblong, each 
with one spherical or oval nucleus. They have to 
form bone-substance, and are therefore called the osteo- 
blasts (Gegenbaur). 

(b) The cartilage is hyaline cartilage, and its 
distribution on and connection with bone have been 
mentioned in §§ 55 and 59. 

G3. (c) The marro^v of bone is a vascular soft 
tissue, filling up all spaces and cavities. It consists 
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of a 8maU a/mowal of fibrous tissrie as a matrix, aivd 
in it are embedded numerotis hloodrvessels and edU, 
The ^ew afferent arterioles break up into a dense net- 
work of capillaries, and these are continued as plexuses 
of veins, characterised by their size and exceedingly 
thin walls. The cells are of the same size, aspect, and 
shape as the osteoblasts of the osteogenetic tissue, and 
they are caUed marrow cells. 

In origin and structure, the tissue of the osteo- 
genetic layer of tJie periosteum and the marrow are 
identical In the embryo, the marrow is derived 
from an ingrowth of the osteogenetic layer of the 
periosteum (see below), and also in the adult the two 
tissues remain directly continuous. As will be shown 
later, the marrow at the growing ends of the bones 
is concerned in the new formation of osseous substance 
in the same way as the osteogenetic layer of the peri- 
osteum is in that of the surface ; and in both tissues 
the highly vascular condition and the cells (osteoblasts 
of the osteogenetic layer, and marrow cells of the 
marrow) are the important elements in this bone 
formation. Marrow is of two kinds, according to 
the condition of the cells. If many or most of these 
are transformed into fat cells, it has a yellowish aspect, 
and is called yellow marrow ; if few or none of them 
have undergone this change, it looks red, and is called 
red marrow. In the central, or marrow, cavity of the 
shaft of tubular bones, and in the spaces of some 
spongy bones, the marrow is yellow; at the ends of thd 
shaf^ in the spongy bone substance in general, and in 
young growing bones, it is red. 

The cells, especially those of red marrow, are the 
elements from which normally vast numbers of red 
blood-corpuscles are formed, as has been mentioned on 
a former page. 

In marrow, particularly in red marrow, we meet 
with huge multinucleated cells, called Myeloplaxes of 
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Rohin, They are derived by overgrowth from ordinary 
marrow cellB, and are of import«uice for the absorption 
and formatioD of bone (sm below). According to 
Eeitzmann, Malaasez, and others, they also have to 
do with the formation of blood-vessels and blood- 
corpuscles. 

64. The matrtx of osseous substance is dense 
fibrous connective tisaue, i.e., a tissue yielding gelatin 
on boiling. The cement substance between the fibrils 
is petrified, owing to a deposit of insoluble inorganic 
lime salts, chiefly carbonates and phosphates. These 
can be dissolved out by strong acids (hydrochloric) 
and are thereby converted into soluble salts. Thus 
the organic matrix of osseous substance— called ossein 
— may be obtained as a soft flexible material, easily 
cut. 

The bone substance ia in the adult state generally 

lofiMillattd, the lamellie being of microscopic thinness. 

Between every two 



bers of isolated, 
flattened, oblong 
spaces — the hoTie 
laotnee (Fig. 33), 
which anastomose 
by numeroos fine 
canals with one 
another, and also 
with those of the 
Pig.ss,— OsseoiiBliuueUie; oblon^bmiabad next lamella above 
Wa™»»d««n»lio„lltotweentl«m. ^j ^i^^_ rphe 

appearances are 
very similar to those presented by the lacun» and 
canaliculi containing the corneal corpuscles, as des- 
cribed in Chapter V. 

These bone lacnnie and their canaliculi are the lymph- 
canalicular system of osseous substance, for they are 
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in open and free oommnnication i^th Ijmphatio 
vessels of the marrow spaces and Haversian canals. 

65. In the bone matrix, each lacuna contains also 
a nucleated protoplasmic cell, called ih& bo7ie cell, which, 
however, does not fill it completely. In the young 
state, the cell is branched, the branches passing into 
the canaliculi of the lacunae ; but in the old state very 
few processes can be detected on a bone cell, which, 
with its lacuna and canaliculi, is called a bone cor* 
pnscle, 

66. According to the arrangement of the bone 
substance, . we distinguish compa>ct from spongy sub- 
stance. The former occurs in the shaft of tubular 
bones and in the outer layer of flat and short bones. 
Its lamellae are arranged as : (a) coTicerUric or Haversian 
lamelke, directly surrounding the Haveraiam canals 
(Fig. 33a). These are fine canals of varying lengths 
pervading the compact substance in a longitudinal direc- 
tion, and anastomosing with one another by transverse 
or oblique branches. The Haversian canals near the 
marrow cavity aro larger than those near the perios- 
teum. As a matter of fact, those next to the marrow 
cavity become gradually enlarged by absorption, until 
finally they are fused with the marrow cavity. Each 
Haversian canal contains a blood-vessel, one or two 
lymphatics, and a variable amount of marrow tissue. 
These canals open both into the marrow cavity and on 
the outer surface into the osteogenetic layer of the peri- 
osteum, and they form the means by which the latter 
remains in continuity with the marrow. They are 
surrounded by numbers of concentric h&ne lamelkey 
wUh the hone corpibscles between them, and this is a 
system of concentric lamellce. Near the external sur- 
face of the compact substance the number of lamellae 
in each system is smaller than in the deeper parts. 
{b) Between these systems of concentric lamellae are 
the interstitial or ground laniellce; they run in various 
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directiona, and ia iiealit}^ fill the intersticea between 
the syatema of the Haversian or concentric lamellse^ 
Near the external surface of long bones they have pre- 
eminently a direction parallel to the surface. These are 
the circimnfersntidl lamelliB of Tomes and de Morgan, 



Fig. 331.— Compact Bone HutMuaoe is Crota Beatian. 

«, ConccDlrlc Luoella vruiied around tJie Hftvenltu cmJikiBi cut ktoui 

fr, iDCentlilftl or grouDd luDells. Tb0 1>oih Ucunie ue imd betveen tbe 

The lamellfB of compact bone are perforated by per- 
pendicular petrified fibres, the perforating Jihre» of 
Sharpey. They form a continuity with tfie fibres of 
the periosteum, from which they are developed. 

Some of these fibres are fine, and of the nature of 
elastic fibres. 

67. Spongy bone substance occurs in the end of the 
shaft, in the apophyses, in short bones, and in the 
diploB of flat bones. ITie cavities or meshes of the 
spongy substance are called Haversian spaces; they 
intercomnranicate with one another, and are filled 
with marrow, which in the young and growing state 
is generally of the red variety. The firm parts are of 
tlie shape of spicules and s^ta, called bone trabeeultB, 
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of varying length and thickness, and are composed of 
lamellae of bone substance. 

According to the arrangement of the trabeculsB, 
the spongy substance is a uniform honey-combed sub- 
stance, or appears longitudinally striated, as in the 
end of the shaft. In the latter case the marrow spaces 
are elongated and thetrabeculse more or less parallel, but 
anastomosing with one another by transverse branches. 

68. Development of bone. — Bone is developed 
in the embryo, and continues to be formed also after 
birth as long as bone grows, either in the cartilage, or 
independently of this directly from the osteogenetic 
layer of the periosteuuL The former mode is called 
endochondral^ the \b,\A^x 'periosteal^ or intermemhranoits 
formation. 

All bones of the limbs and of the vertebral 
column, the sternum, and the ribs, and the bones 
forming the base of the skull, are preformed in the 
early embryo as solid hyaline cartilage, covered with a 
membrane identical in structure and function with 
the periosteum, which at a later period it becomes. The 
tegmental bones of the skull, the bones of the face, 
the lower jaw, except the angle, are not preformed at 
all, only a membrane identical with the future perios- 
teum being present, and underneath and from it the 
bone is gradually being deposited. 

69. Endocbondral formation. — The stage 
next to the one (1) in which we have solid hyaline 
cartilage covered with periosteum is the following 
(2) : Starting from the ** centre, or point, of ossifica- 
tion," and proceeding in all directions, the cartilage 
becomes permeated by numbers of channels (cartilage 
channels) containing prolongations (periosteal processes 
of Virchow) of the osteogenetic layer of the periosteum, 
t.e., vessels and osteoblasts, or marrow ceUa* This is 
the stage of the vascularisation of the ca/rtilage. In 
the next .stage (3) the cartilage bordering on these 
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e transparent, the lacnnie becoming 
enlarged and the 
cartiiage cells more 
transparedT.. The lat- 
ter graduallj break 
down, irhiJe tlie in- 
tercellular trabeculs 
become eale^d; 
the lacunse Uiem- 
selves, by absorp- 
tion, fusing with the 
cartilage channels. 
These latter there- 
by become trans- 
formed into i/rregu- 
la/r cavitiee, "which 
are bordered by, and 
into which project, 
trabeetda o/ealeified 
eartilaffe. The cavi- 
ties are the;>rttRarj/ 
marrow cavities, and 
they are filled with 
the pptmory or ctw- 



blood - vessels and 
osteoblasts, derived, 
as stated above, from 
the osteogenetio 
layer of the period- 
teum. (4) Tho 08- 
I teoblasts arrange 
themselves by active 
multiplication as an 
epitfieloid layer on 
the surface of the 
caltnfied cartilage trabeonlte projecting into, and bor- 
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dering the primary marrow cavities. The 09Udbla»U 
form bone substcmee, and as this proceeds, ths calcified 
cartilage traheculce become gradually ensheathed and 
covered with a layer of osseous stibstance, — ^the osseous 
miatrix and branched bone corpusclea Thus the 
original cartilage gradually assumes the appear- 
ance of a spongy substance, in which the cavities 
(primary marrow cavities) are filled with the primary 
marrow, and are of considerable size, while the 
trabeculae bordering them are calcified cartilage 
covered with layers of new bone. The marrow cells, 
or osteoblasts, continue to deposit bone substance on 
the free surface of the trabeculse, while the calcified 
cartilage in the centre of the trabeculae gradually 
becomes absorbed. 

70. The nearer the centre of ossification, the 
more advanced the prctcess, i.e., the more bone the 
less calcified cartilage is found in the trabeculae, 
and the thicker the latter. At the " centre of ossifi- 
cation," t.6., whence it started, the process is further 
advanced; away from it, it is in an earlier stage. 
At this period of embryo life, between the centre of 
ossification and a point nearer to the extremity of 
the shaft of a tubular bone, all stages described above 
may be met with, viz., between the solid unaltered 
hyaline cartilage at the end of the shaft, and the 
spongy bone with the unabsorbed remains of calcified 
cartilage in the middle of the shaft, all intermediate 
stages occur (Mg. 34). 

71. After birth, and as long as bone grows, we 
find in the end of the shaft, and to a further degree 
also in the epiphysis, a continuation of the above 
process of endochondral formation. In fact, all 
bones preformed in the embryo as cajctilage grow in 
length before and after birth by endochondral formation 
of new bone. The hyaline cartilage at their ex- 
tremities (intermediate or ossifying cartilage) is the 
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cartilage at the expense of which the new bone ia 
formed, by the marrow (blood-vesaels and marrow- 
oells or oateoblaate) of the spongy substance in con- 
tact with the cartilage. 

72. Following the development of a tubular bone 
after the above-mentioned stage 4, we find that the 
Bpongy bone ones formed is not a permanent stmctare, 



Fie. 35.— From > TiAuBrane Seotion through tha Tlblk of Foatal Eitloi. 
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but becomes gradually absorbed altogether, and this 
process also starts from the points of ossification. Thus 
a continuous cavity filled with marrow is formed, and 
this first appears in the region of the centre of ossifi- 
cation, and represents the rudiment of the future 
continuous central marrow cavity of the shaft Simul- 
taneously with or somewhat previous to this absorp- 
tion of the endochondral bone, new bone — spongy 
bone — ^is deposited directly by the osteogenetic layer 
of the periosteum on the outer surface of the en- 
dochondral bona This also commences at the centre of 
ossification and proceeds from here gradually to further 
points. This is the periosteal hone (Figs. 34, 35). It is 
formed without the intervention of cartilage directly 
by the osteoblasts of the osteogenetic layer. And as 
fresh layers of osteoblasts by multiplication appear on 
the surface of the periosteal bone, new layers of bone 
trabeculse are formed, and also the old trabeculse become 
increased in thickness. In the meshes or Haversian 
spaces of this spongy periosteal bone the same tissue 
is of course to be found as constitutes the osteo- 
genetic layer of the periosteum, being derived from 
and continuous with it. 

In these Haversian spaces concentric lamellae of 
bone substance become formed by the osteoblasts, and 
spongy is thus transformed into compact bone, while 
at the same time the Haversian spaces, being nar- 
rowed in by the deposit in them of the concentric 
lamellsB, are transformed into the Haversian canals. 
When this compact bone is again absorbed — e.g., that 
next the central marrow cavity of the shaft of a 
tubular bone — ^the concentric lamellae are first ab- 
sorbed, the Haversian canal being in this way again 
transformed into a Haversian space. 

73. At birth all the primary endochondral bone has 
already disappeared by absorption from the centre of 
the shaft, while the bone present is all of periosteal 
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origin. At the extremity of the shaft, however, the 
spongy bone iB &U 
endochondral bone, 
and it continueB to 
grow into the int»r- 
jnediate cartilage as 
stated above, as long 
astheboneasa whole 
grows (Fig. 36). 
Of course the parts 
of this spongy bone 
nearest to the centre 
of the shaft are the 
oldest, and nlti- 
mately disappear by 
absorption into the 
central marrow 
■ cavity. In the epi- 
physis the spongy 
bone is also endo- 
chondral bone, and 
ite formation is con- 
nected with the deep 
layer of the articu- 
lar cartilage. 

Underneath the 

Fig. 38— From B Longitudinal Sliction of perioSteUm and On 

whi^the int«TOBaiiS-"«ttij]»ge joiM ^^ Burface of the 

the end of the almtt Spoi^ endochon- 

■■ I jiicrmeaiHT c»nL»ge : i, "oe "^ ™''^5!4 dial bone at the 
^^lH?iiFiKr.is.".1>si3''S^L'K extremity of the 
SS«ffW;^w''1Sa *H,«'''wii''A"'''w™'" shaft, the periosteal 
So'^ritSST' M^"^""'"*™'™ ™ t5.it ^,„iy. ^ ^ t])ij^ layer, 
extending as far 

as the periosteum reaches, e.g., to the margin of the 

articular cartilage. 
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74. Inter membranous formation. — AJl 

bones not preformed in the embryo as cartilage are 
developed directly from the periosteum in the manner 
of the periosteal bone jnstdeBcribed (Fig. 37). Here also 



Fig, »7.— A (huU roaai of Bone Sniiatuce in the Perlontaon 



1 Human Fi 



the new bone is at first spongy bone, ■which in its inner 
layers gradually becomes converted into compact boue. 

In all instances during embryo life and after 
birth the growth of a bone in thickness takes place 
after the manner of periosUal bone ; this is at first 
spongy, but is gradually converted into compact bone. 

75. All osseous substance is formed in the embryo 
aad after birth by the oeUohlaat or marrow c^s 
(G^^nbanr, Waldeyer) : each osteoblast giving origin 
to a zone of osseous matrix, and in the centre of this 
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to a nucleated protoplasmic remnant, which gradually 
becomes branched and then represents a bone cell 
The osseous matrix is at first a soft fibrillar tissue, 
but is gradually and uniformly impregnated with 
lime salts. This impregnation always starts from the 
centre of ossification. 

76. Wherever absorption of calcified cartilage or of 
osseous substance is going on, we meet with the multi- 
nucleated huge protoplasmic cells, called the myelo- 
plaocea of Robin. Kolliker showed them to be impor- 
tant for the absorption of bone matrix, and called 
them therefore Osteoclasts (Fig. 37). For cartilage they 
may be called Chondroclasts. When concerned in tho 
absorption we find these myeloplaxes situated in 
smaller or Jarger pits, which seem to have been pro- 
duced by them ; these absorption pits or lacunas on the 
surface of bones are called Howship^s lacuncB, They 
invariably contain numbers of osteoclasts. It can, 
however, be shown that myeloplaxes are also con- 
cemed ii the formation of bone, by giving origin to a 
number of new osseous zones with their bone cells. 
In the earliest stages of development of the foetal jaw 
this process is seen with great distinctness (Fig. 37). 

77. Dentine forms the chief part of a tooth. It 
consists of a petrified matrix, in which are numbers of 
perpendicularly-arranged canals — the dentinal tn^es — 
containing the dentinal fibres. It is in some respects 
fflTnilftT to bone, although difiering from it in certain 
essentials. It is similar, inasmuch as it is developed 
in like manner by some peculiarly transformed 
embryonal connective tissue — ^viz., by the tissue of the 
embryo tooth papilla — and inasmuch as cells are con- 
cerned in the production both of the petrified matrix 
(impregnated with lime salts), and of the processes of 
the cells contained in its canals — ^the dentine fibres. 
The details of structure and distribution will be 
described in connection with the teeth. 



Chap. VIII.] 



63 



CHAPTER VIII. 

NON-STRIPED MUSCULAR TISSUB5. 

78. This tissue consists of nucleated cells, which, 
unlike amoeboid 'cells, are contractile in one deiinite 
direction, becoming shorter and thicker during con- 
traction. 

The cells are elongated^ epindle^hapedy or bcmd-like 
(Mg. 38a), and drawn out at each extremity into a longer 
or shorter, generally single but occasionally branched, 
tapering process. Each cell includes an oval niuileua. 




Fig. 38A.-:^Noii-striped Muscular Fibres, isolated. 

Tbe cross-markingB indicate corragationg of the elastic sheath of the individual 

flhrea. (AtUuL) 

which is flattened if the cell it belongs to is flattened. 
The cell-substance is a pale homogeneous-looking or 
finally and longitiidinally striated substance. 

During extreme contraction the nucleus may 
become more or less plicated, so that its outline be^ 
comes wavy or zig-zag. 

It has been shown (Klein) in certain preparations — 
6.^., the non-striped muscle cells of the mesentery of 
the newt — ^that each muscle cell consists of a delicate 
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elastic sheath, inside of which is a bundle of minute 
fibrils, which cause the longitudinal striation of the cell. 
These fibrils are the contractile portion j and they are 
contractile towards the nucleus, with whose intranu- 
clear reticulum they are intimately connected. When 
the cell is contracted its sheath becomes transversely 
corrugated (Fig. 38b). 

79. The non-striped muscular cells are aggregated 
into smaller or larger bv/ndles by an interstitial albu- 




Fig. 38b.— A Non-striped Moscnlar Cell of ICeaentery of Newt. 

Showing several plaoeg wbere tbe muscalar substance appears contracted, 
thicEened. At these places the corrugations of the sheath are marked. 
(Atlas.) 

minous homogeneous cement substance, the cells being 
imbricated with their extremities. The bundles may 
form a plexus, or they may be aggregated by fibrous 
connective tissue into larger or smaller groups, and 
these again into continuous masses or m&mhranss. In 
the muscular coat of the bladder, in the choroidal 
portion of the cUiary muscle, in the arrector pili, in the 
muscular tissue of the scrotum, very weU marked 
plexuses of bundles of non-striped muscular cells may 
be met with. In the muscularis mucosae of the 
stomach and intestines, in the outer muscular coat of 
the same organs, in the uterus, bladder, &a, occur 
continuous membranes of non-striped muscular tissue. 

When the muscular cells form larger bundles they 
are more or less pressed against one another, and, 
therefore, in a cross section appear of a polygonal 
outline. 

80. Non-striped muscular tissue is found in the 
following places : in the muscularis mucosae of the 
oesophagus, stomach, small and large intestine ; in the 
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outer muscular coat of the lower two-thirds or half 
of the hunian ceeopbagus ; in thatof the stomach, small 
and large intestine ; in the tissue of the pelvis and 
outer capsule of the kidney ; in the muscular coat of 
the ureter, bladder, and urethra ; in the tubulea of 
the epididymis, in the vas de- 
ferens, vesiculie seminalis and 
prostate ; in the corpora caver- 
nosa, and spongiosa; in the 
tissue of the ovary, and in the 
ligamentum latum ; in the mus- 
cular coat of the oviduct, the 
uterus and vagina ; in the soft 
or posterior part of the wail of 

the trachea ; in the large and t\s. m.-fr.-™ n imnevKM 
small bronchi, in the alveolar ^t Ncn-si^«J MuMuiir 
ducts and infundibula of the T»„1^^o.ii.i»>iKiptoL- 
lung; in the pleura pulmonalis !,alht,'7h.'iKi?^^23S- 
(guinea-pig); in the peritoneum mi*°°^h7™an2.wSi; 
of the frog and newt, in the JiSf'"i^i "" ^"""^ 
upper part of the upper eye-lid, 

and in the £ssura orbitalis ; in the sphincter and 
■ dilatator pupilife, and the ciliary muscle ; in the 
capsule and trabecular of the spleen, and the trabetnila 
of some of the lymphatic glands ; in the arrector pili, 
and Eweat glands of the skin, tlie tunica daitos of 
the scrotum ; in the tissue of the nipple of the breast; 
in the large ducts of the salivary and pancreatic 
gland ; and in the mnscular coat of the gall bladder, 
the hepatic and cystic duct. The aorta and the 
arteries have a larger amount of non-striped muscular 
tissue, the veins and lymphatics a smaller. 

81. As regards length, the muscular cells vary 
within considerable limits (from ^ to -jj^ of an inch), 
thoseof the intestine, stomach, respiratory, urinaiy,and 
genital organs being very long, as compared with 
those of the blood-vessels, which are sometimes only 
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twice or thrice as long as they are broad, and at the 
same time branched at their extremities. 

Non-striped muscular tissue is richly supplied with 
blood-vessels, the capillaries forming oblong meshes, 
though their number is not so great as in striped 
muscle. The nerves of non-striped muscle are all 
derived from the sympathetic ; their distribution and 
termination will be described in a future chapter. 



CHAPTER IX. 

STRIPED MUSCULAR TISSUE. 

82. This tissue is composed of extremely long (up 
to lJ-2 inches) more or less cylindrical fibres, of a 
diameter varying between ^^ to -g^ of an inch ; they 
appear transversely striated. These are the striped 
muscvlar fibres. They are held together by delicate 
bundles of fibrous connective tissue, with the ordinary 
connective tissue cells — endomysiwm — so as to form 
larger or smaller bundles ; these again are aggregated 
together by stronger bands and septa of fibrous con- 
nective tissue — perimysium — into groups, and these 
into the fascicles or divisions of an anatomical muscle. 
The fibrous connective tissue, including the perimysium 
tissue, is the carrier of the larger vascular and nervous 
branches. The endomysium contains the capillaries, 
which form very rich networks with elongated meshes, 
and are always situated between tlje individual 
muscle fibres. The capillaries and veins appear very 
wavy and twisted in the contracted bundles, and 
straighter in the uncontracted bundles. The small 
vessels are provided here' and there with peculiar saccu- 
lar dilatations, which act as a sort of safety receptacles 
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for the blood when, during a sudden maximal contrac- 
tion, it is pressed out from some of the capill&ries. 

83. Each muscular fibre during contraction be- 
comes shorter and thicker. In the living uninjured 
muscular fibrea, spontaneously or after the application 
of a stimulus, a contraction starts at one point and 
passes over the whole muscular fibre like a wave — 
contraction wave —the progress of which is noticeable 
by the thickening, gradually and rapidly, shifting along 
the fibre, thepart behind resumii^its previous diameter. 

84. When looked at in the fresh state, or after the 
action of certain re-i^enta, the musoular fibre shows the 
following parts 

(Kg.40):(l). 
transparent ho- 
mogeneous deli- ) s^^^M I 
cate elastic I^^^^E! 
sheath, the mr- 
colemma ; (2) 
dark delicate 
lines stretching 
across the fibre 
at regular inter- 
vals, 80 as to 
subdivide the 
apace within 
the sarcolemma 
into uniform 
tranisverse com- 
partments, the 
muscular com- 
partments of 

Krauae. These %'ijjj"l™™'„':|i'',™'^'i^ 
dark lines are '^I'lmsKlTwImruDnM^nlii 
the membrafy<3 w'i'io'^tbem^iS^ei 
ofKrause. Un- 
der a high power they seem permeated <. 
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a great number of fine, clear, longitudinal lines (see be- 
low), and therefore under these conditions seem to be 
made up of one row of granules. The membranes of 
Krause appear fixed to the sarcolemma, so that while 
a fibre contracts, or while it is contracted or shrunk, 
owing to the action of hardening re-agents, or merely 
in consequence of being detached from its fixations, its 
surface is not smooth, but regularly and transversely 
undulating, the valleys being caused by the attachment 
of the membranes of Krause to the sarcolemma. 
On stretching a fibre beyond its natural passive state, 
the surface becomes also uneven and undulating, but 
in a reverse manner from the above. 

85. These two membranous structures represent, 
as it were, the framework. In the muscular com- 
partments is contained the muscular substance, which 
again consists of (a) the contractile or chie/ substance 
(RoUett), which is a dim, broad, highly refractive, 
doubly refractive disc, occupying the greater part of a 
compartment, except a thinner or thicker layer at the 
side of Krause's membrane. This layer is (b) a trans- 
parent homogeneous fluid substance, forming the lateral 
disc of Engelmann, or the secondary substance of 
Rollett. It is isotropous. In this lateral disc occa- 
sionally a transverse row of granules appears present, 
but this is by no means of constant occurrence. The 
contractile disc seems homogeneous, but is in reality 
composed of prismatic or rod-shaped elements, the sar- 
cous elements of Bowman, each being as long as the con- 
tractile disc. They are very close, and there is left 
between them in the fresh and living state an exceed- 
ingly minute layer of a homogeneous transparent 
interstitial substance, identical with that of the lateral 
disc. After death and shrinking of the sarcous 
elements, this interstitial substance is more marked, 
and is then easily perceived as longitudinal clear 
lines separating the sarcous elements in the indi- 
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vidual compartments. The total appearance pro- 
duced is that of longitudinal striation, the sarcous ele- 
ments of successive compartments forming fibrils — 
called the primitive fibrils. Sometimes in hardened 
muscular fibres the substance of the sarcous elements 
shows a middle transparent portion for the whole 
contractile disc; this appears to form a distinct 
median transparency, known as the median disc of 
Hensen, 

86. Of course, each such fibril is a successive row 
of sarcous elements, with the corresponding portion of 
Krause*s membranes, and the adjacent portions of the 
lateral discs. Generally, each fibril is thinnest at the 
point of Krause's membrane and lateral discs, and 
thicker at the part corresponding to the sarcous ele- 
ments, so that in reality it is of a moniliform shape 
(Haycraft). This varicose condition is the more appa- 
rent the shorter and thicker the individual sarcous 
elements are (Fig. 43a, b and c). 

These differentiations due to structure alone are 
sufficient to produce a transverse striation of the mus- 
cular fibres; but it must be borne in mind that a fibre 
when contracted or shrunk, even in the smallest degree, 
would show a transverse striation due to the above- 
mentioned undulating surface. Any other fibre with a 
moniliform shape would show the same transverse 
striation (Haycraft) ; and that usually observed on 
hardened — i.e., shrunk and more or less contracted — 
fibres, may be accounted fpr in this way. Fibres 
stretched or prevented from shrinking generally show 
pronounced longitudinal striation, but also very faint 
cross strise ; these latter are due to the structural 
differences. 

87. On observing a transverse section through a 
fresh and living muscular fibre, the muscular substance 
inside the sarcolemma appears as a transparent ground- 
glass-like substance, crossed here and there by bright 



70 Elements of Histologv. [ciup. ix. 

lines. These lines gradually increase in namber, and 
BO Join that tiltimatelj' they form a dense network. 
Thus a more or less regular pattern of small polygonal 
fields iB produced, whioh are styled Cohnhelm's areas or 
fields (Fig. 41). Each corre- 
apoods to the end-view or 
optical Bection of a sarcous 
element prism, and is granu- 
lar, as if composed of a 
bundle of minute fibrils. 
If this be the case, each 
sarcous element will have to 
be considered as a bimdle 
of rods. The bright lines 
producing the Gohnheim's 
-striped Mosoiiiar ^^Ids are the intflratitial 
) in CroM Section. substance. When a muscle 

^mm" Ice'm'i" nSf ISbswifS fibre shrinks, after death 
MBu.^'^EitiM,)* '''"'*''''"''"''"'' ^^ after some hardening re- 
agents, Gohnheim's fields 
shrink into small circular areas, separated by a rela- 
tively large amount of the interstitial substance. 

88. During contraction the cross striation is much 
narrower, the dim disc becoming shorter in the long I 

diameter of the fibre, but broader in the transverse | 

direction. j 

The broader the lateral disc in a fibre, the more ] 

apart from one another are the dim or contractile 
discs. 

On the surface of the substance of the muscle . 

fibres, but within the sarcolsmraa, are seen isolated 
oblong nuclei, which belong to small protoplasmic, I 

more or less branched corpuscles — the rfiuacle. cor- 
puseks. In the adult fibres these are few and far 
between ; in the young and growing fibres they are 
numerous and large. Their protoplasm is the sub- 
stance which, becoming converted into the lanscalar 
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aubatance, is the material at the expense of -which 
new fibres are formed, or fibres akeady formed 
become thickened, as is the case when muscle fibres 
are kept at canstant work. / 

In the muscular fibres of man and most verte- 
brates (except the fibres of the heart), the muscular 
corpiiscieB are situated on the surface of the muscular 
substance ; but in invertebrates (especially insects and 
Crustacea) they are often found in the central part 
of the fibres, and hfere they are occasionally seen 
forming almost a continuous cylindrical mass of nu- 
cleated protoplasmic cells. 

89. In the embryo the muscular fibres are de- 
veloped from spindle-shaped nucleated cells (Remak, 
Weissmann, Kiilliker). , One spindle-shaped cell vith 
an oval nucleus grows rapidly in length and thick- 
ness, its nucleus divides repeatedly, and the ofispring 



Fig. *i.— A striped Mnscalac Fibre of tha DiBphiagm ol ■ 
Gninea-pig, 

become shifted from one another as the cell con- 
tinues to grow in length. The protoplasmic sub- 
stance all along one aide of the cell gives origin to 
the muscular substance — sarcouH elements and lateral 
disc — while a small rest of protoplasm remains col- 
lected around the nucleus as the muscle corpuscle. 
This protoplasm continues to increase in amount. 
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and then the increment again changes into muscular 
substance (Fig. 42). In this way the muscular fibre 
increases in thickness. Thua one spindle-shaped 
embryo cell gives rise to one musouJar fibre, which, 
at first very slender, continues to grow in thickness 
by the active growth of the muscle corpuscles. The 

sarcolemma appears to be formed from 

cells other than muscle cells. 

90. The striped muscular fibres, taken 
I as a whole, are, as a rule, spindle-shaped, 

becoming gradually thinner towards Uieir 
ends. They are branched in some excep- 
tional cases — e.g., in the tongue ; here 
the extremities of the muscle fibres, 
passing in a transverse direction into 
the mucous membmne, become richly 
branched. 

91. Muscular fibres terminate in 
tendons, either by the whole fibre passing 
into a bundle of connective tissue fibrils 
(Fis[. 43), or by the fibre ending abruptly 
with a blunt, conical end, and becoming 
here fixed to a bundle of connective tissue 
fibrils. The individual fibres have only, 
a? mentioned above, a relatively limited 
length, so that,, following an anatomical 

'^trtt«d~HiI? fascicle from one point of its insertion to 
ni^In/'fcco the other, we find some muscle fibres 
rlbroui Tii^ terminatii^, others originating. This 

i^muod In t*kss place in the following way : the 

T™™.(ifc«d- contents of a fibre suddenly terminate, 

while the sarcolemma, as a fine thread, 

becomes interwoven with the fine connective tissue 

between the muscular fibres. 

92. The striped muscular fibres of the heart 

(auricles and ventricles) and of the cardiac ends of 

the large reins (the pulmonary veins included) differ 
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from other striped muscular fibres in the following 
respects: — (1) They possess no distinct sarcolemma. 

(2) Their muscle corpuscles are in the centre of the 
fibres, and more numerous than in ordinary fibres. 

(3) They are very richly branched, each fibre giving off 
all along its course short branches, or continually divid- 
ing into smaller 

fibres and form- 
ing a close net- m 
work(Fig.43A.) A I 
transverse section m 
through a bundle A _ 
of such fibres X 
shows, therefore, ft 
their cross sections 
irregular in shape 
and size. (4) Each 
nucleus of a muscle 
corpuscle occupies 
the centre of one 
prismatic portion ; 
each fibre and its 
branches thus 
appear composed 
of a smgle row of pj^, ia»._etripe 
Bueh prismatic '*- 
portions, and they *',™^ 
seem separated prKiii»S^rMiK: o^onS* iirimii°e''ab?iiS 
from one another ■noreniguyni.eiiiiirf. 
— at any rate in an 
early stage — by a septum of a transparent substance. 

93. Muscular fibres seem either markedly pale 
or markedly red (Ranvier) ; in the former (e.g., 
quadratus lumborura, or adductor magnus femoris 
<^ rabbit) the transverse striation is more distinct 
and the muscular corpuscles less numerous, than 
in the latter (e.g.., semi-tendinoBus of rabbit, 
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diaphragm). Here the longitudinal striation ap- 
pears very distinct, but these differences are not 
constant in other muscular fibres of other animals 
(E. Meyer). 

94. Briicke has shown that striped muscular fibres 
are doubly refractive, like uniaxial positive crystals 
(rock crystal), the optical axis coinciding with the 
long axis of the fibres. The lateral disc and inter- 
stitial substance are isotropous, the sarcous elements 
(Briicke) and Krause's membrane (Engelmann) being 
doubly refractive. The sarcous elements are, how- 
ever, not the ultimate optical elements, but must be 
considered as composed of disdiaclasts, the real doubly 
refractive elements (Briicke), 



CHAPTER X. 

THE HEART AND BLOOD-VESSELS. 

95. (a) The heart consists of an^ outer serous 
covering {fhe visceral 'pericardium)^ an inner lining 
(the endocardium)^ and between the two the muscular 
wall (Fig. 44). Underneath the pericardium and en- 
docardiutn is a loose connective tissue, called the sub- 
pericardial and subendocardial tissue respectively. 

The free surface of both the pericardium and 
endocardium has an endothelial covering, like other 
serous membranes — i.e., a single layer of transparent 
nucleated cell plates of a more or less polygonal or 
irregular shape. The ground- work of these two mem- 
branes is fibrous connective tissue, forming a dense 
texture, and in addition there are many elastic fibres 
composing networks. Capillary blood-vessels, lymphatic 
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vessels, and small branches of nerve^fibres are met 
vith eyeryvhere. The subpericardial and subeado- 
cardial tiaauea consist of loosely connected trabecule of 
fibrous connective tissue, forming a coatinuity with 
the intermuscular connective tissue of the muscular 
part of the heart. 
The former contains 
in many places 
groups of fat cells. 

96. On the free 
surface of the papil- 
lary muscles, in some 
parts of the surface 
of the trabecuira car- 
nesB, and at the inser- 
tion of the valves, 
the endocardium is 
thickened by ten- 
dinous connective 
tissue. The valves 



of the endocardium, 
and contain in their 

essential parts fibrous Fig. M,— Tisimene Pectlon throiu;li tli« 

connective tissue, to ■*-''™'* "".""^ ^™* '^ * "^^^ 

which, especially in "^ ^w'diumTc.''i°'"S:oK- "undT^cSl^™^ 
the semilunar valves, JiJS'ii:' * i^ri^'ii ™?e^™' '°"*""' 
numerous elastic 

fibres are added. The muscular tissue of the wall 
of the auricle penetrates a short way into the auriculo- 
ventricular valves, 

All the cordte tendiness and the valves are of course 
covered on their free surfaces with endothelium. 

Special tracts of muscle fibres occur in the sub- 
endocardial tissue. 

The/6re« of Pwrkvnje are peculiar fibres occurring 
in the subendocardial tissue in some mammals and 



76 Elements of Histology, [Chap. x. 

birds (not in man). They are thin, transversely striped, 
muscular fibres, the central part of which is a con- 
tinuous mass of protoplasm, with nuclei at regular 
intervals, the same as is the case with some skeletal 
muscular fibres of insects. 

97. The muscular fibres forming the proper wall 
of the heart, the structure of which has been described 
in the previous chapter, are grouped in bundles 
separated by vascular fibrous connective tissua In the 
ventricles the bundles are aggregated into more or less 
distinct lamellae. 

Like other striped muscular fibres, those of the 
•wall of the heart are richly supplied with blood-vessels 
and lymphatics. The endocardium and valves and the 
pericardium possess their own systems of capillaries 

The lymphatics form a pericardial and an endo- 
cardial network, the muscular substance of the heart 
having numerous lymphatics in the shape of lymph 
clefts between the muscular bundles, and also typical 
networks of tubular lymphatics. 

98. The nerve branches of the plexus cardiacus 
form rich plexuses. In connection with some of 
them are found numerous collections of ganglion cells 
or ganglia. These are very numerous in the nerve 
plexus of the auricular septum of the frog^s heart (Lud- 
wig. Bidder), and in the auriculo-ventricular septum 
of the frog (Dogiel). In man and mammals numerous 
ganglia are found on the subpericardial nerve branches, 
chiefly at the point of junction of the large veins with 
the heart, and at the boundary between the auricles 
and the ventricles. 

99. (b) The arteries (Fig. 45) consist of : (a) an 
endotlielial layer lining the lumen of the vessel ; (h) an 
intima consisting of elastic tissue; (c) a media, con- 
taining a large proportion of non-striped muscular cells 
arranged chiefly in a transverse, i.e,, circular, manner ; 
and (d) an adventitia composed chiefly of fibrous 
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connective tissue, with an admixture of networks of 
elastic fibres. 

(a) The endothelium is a continuous single layer 
of flattened elon- e 
gated cell plates, i 

(6) The iati. 
ma in the aorta 
aud lar^e arteries 
is a very com- 
plex structure, ' 
consisting of an 
innermost layer 
of fibrous con- 
nective tissue, 
which is the 
" vnm«r longitw- 
dinal Jibrcnte 
layer" of RemaV, 
outside of which 

longitudinally- j,^ «.-Fr<,m « Tmnsverae a^ticn throng 
arranged elastic tiia interior Mesenlerio ArMry of the PJg. 

membrane. This ''^^j3f?^'SSuisw!i"nuiirfrQuVciM™c"nbrtiiJ 
is laminated, and coiintr*iuTc™eMciion. iitim 
composed of 

feneabraUd doitie membranes of ffenle (see a former 
chapter). The greater the artery the thicker the 
intima. In microscopic arteries the intima is a thin 
fenestrated membrane, the fibres having distinctly a 
longitudinal arrangement. 

(c) The media is the chief layer of the wall of the 
arteries (Fig. 46). It conaista of transversely arranged 
elastic lamdl» (fenestrated membranes aud networks 
of elastic fibres), and between them smaller or larger 
bundles of circularly arranged muscular cells. ITie 
latter the artery the more is the relation of elastic 
and muscular tissue of the media in fevonr of the 
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former, io the smaller arteries the reverse is the case. 
In microscopic branches of arteries the media consists 
almost entirely of cir- 
cular non-striped muscle 
cells with only few elas- 
tic fibres. 

100. In the last 
branches of the micro- 
scopic arteries, the mus- 
cnlar media becomes dis- 
continuous, inasmuch as 
the (circular) muscular 
cells are arranged not as 
a continuous membrane, 
bat as grmi])s of small 
cells (in a single Inyer) 
in a more or less alter- 
I nate fashion. 

When the media 
contmctB, the intiraa 
is placed in longitudinal 
folda 

The aorU has, in the 
Fig.M.— TruBTerssBdctioDtbrcngh innermost and in the 
aSSSffiJ'Sin""""" outermort part, of the 
i. The uncrr, ahowinji iiie nufii'Mod media, numbers of lon- 
n!SiIi^iidM'otj"nbmu"J-"Mu"iKvlS gitndinal and oblique 
'■rAiMhE'mi^MtvfiTmuciiiiii'nBer muscle cells. Accord- 
uum iQ tbc .riery. (Atiu) j^g (« Bardeleben, ail 

large and middle-sized 
arteries have an inner longitudinal muscalar coat. 

101. Between the media and the next outer layer 
there is, in larger and middle-sized arteries, a special 
elastic membrane, the ela^ttca externa of Henle. 
(d) The adventitia is a relatively thin librous con- 
nective tissue membrane. In large and middle-sized 
arteries there are numbers of elastic fibres present. 
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especially in the part nest to tbe media ; they fona 
networks, and have pre-eminently a longitudinal 
direction. 

The larger the artery the more insignificant is the 
adventitia as compared with the thickness of media. 

In microscopic arteries (Fig. 47), the 
adventitia is represented by thin bundles 
of fibrous connective tissue and branched 
connective tissue cells. 

Large and middle-sized arteries pos- 
sess their own system of blood-vessels 
(vasa vasorum), situated chiefly in 
the adventitia and media ; lymphatic 
vessels and lymphatic clefts are also 
present in these coate. 

102. (c) The veins differ from the 
arteries in the greater thinness of their 
wall. The intima and media are similar 
to those of arteries, only thinner, both 
absolutely and relatively. The media 

contains in most veins circularly ar- f's^ <^. — Minnw 
ranged muscular fibres ; they form a con- Arti-ry. , 
tinuouB layer, as in the arteries, and ''^mi\'^^i^ 
there is between them generally more j»-ii «> ■ "ISJii 
fibrous connective tissue than elastic. Srt5d*^iiJ?ffi 
The adventitia is usually the thickest coat, JjUJi.'j "•"""^ 
and it consists chiefly of fibrous connec- 
tive tissue (Fig. 46). The smallest veins — i.e., before 
jjasaing into the capillaries^are composed of a lining 
endothelium, and outside this are delicate bundles of 
connective tissue forming an adventitia. The valves 
of the veins are folds, consisting of the endothelium 
lining tlie surface, of the whole intima, and of part 
of the muscular media, 

103, There are many veins that have no muscular 
fibres at all, e,j., vena jugularis — interna and extemi* 
— the vena subclavia, the veins of the bones and 
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retina, and of the membranes of the brain and cord. 
Those of the gravid uterus have only longitudinal 
muscular fibres. The vena cava, azygos, hepatica, 
spermatica interna, renalis and axillaris, possess an 
inner circular and an outer longitudinal coat. The vena 
iliaca, cruralis, poplitea, mesenterica, and umbilicalis 
possess an inner and outer longitudinal and a middle 
circular muscular coat. The intima of the venae 
pulmonales in man is connective tissue containing 
circular bundles of non-striped muscular cells (Stieda). 

104. The trunk of the venae pulmonales possesses 
striped muscular fibres, these being continuations of 
the muscular tissue of the left auricle. 

105. Hoyer showed that a direct communication 
exists between arteries and veins without the inter- 
vention of capillaries — as in the matrix of the nail, 
in the tip of the nose and tail of some mammals, in 
the tip of the fingers and toes of man, in the margin 
of the ear lobe of dog and cat and rabbit. 

In the cavernous tissue of the genital organs 
veins make large irregular sinuses, the wall of which 
is formed by fibrous and non -striped muscular tissue. 

106. (d) The capillaiy blood-vessels are 
minute tubes of about -^-^q to -g oV?y ^^ ^"^ vaf^ in 
diameter. Their wall is a single layer of transparent 
elongated endothelial plates, separated by thin lines of 
cement substance (Fig. 48) ; each cell has an oval 
nucleus. In fact, the wall of the capillaries is merely 
a continuation of the endothelial membrane lining 
the arteries and veins. 

In some places the capillaries possess a special 
adventitia made up of branched nucleated connective 
tissue cells (hyaloidea of frog, choroidea of mammals), 
or of an endothelial membrane (pia mater of brain 
and cord, retina and serous membranes), or of adenoid 
reticulum (lymphatic glands, His). 

The smallest capillaries are found in the central 
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nervous ajstem, the largest in the marrow of bono. 
The cftpilUriea form always networks, the richness and 



inrtKfo! the meintrjine; ^ tbe cadIUvt blno4< 



arrangement of which vary in the different oi^ana, 
accorduig to the nature and arrangement of the ele- 
ments of the tissue (Fig. 49). 
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107. If capillaries are abnormally distended, as 
in inflammation, or otherwise injured, the cement sub- 
stance between the endothelial plates is liable to give 
way in the shape of minute holes, or stigmata^ which 
may become larger holes, or stomcUa, The passage 
of red blood corpuscles (diapedesis), and the migration 
of white corpuscles in inflammation through the 
unbroken capillaries and small veins, occur through 
these stigmata and stomata. 

108. Younif and Oroiving CapillaiietB, both 
of normal and pathological tissues, possess solid thread- 




Fig. 50.— From a Preparation of Omentnm of Babbit, after staining with 

Nitrate of Silver. 

•, A minute vein ; a, solid protoplasmic prolonimtions of the wall of a eapillary. 
connected with connectire tissue corpuscres ; e, a solid young sprout. CA-tlas.) 

like shorter or longer nucleated protoplasmic processes 
(Fig. 50), into which the canal of the capillary is 
gradually prolonged, so that the thread becomes con- 
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verted into a new capillary branch. Such growing 
c^illaries are capable of contraction (Strieker). 

All blood-TCfeela, arteries, veinB, and capillaries, 
in their early stageB, both in embryonal and adult life, 
are of the nature of minute tubes, the wall of 
which consists of a simple endothelial membrane 
In the case of the vessel beooming an artery or vein, 
cells are added to the outside of the endothelium, 
thus forming the elastic, muscular, and fibrous con- 
nective tissue elements of the walL 

109. In the first stage, both in the embtyo and 
in the adult, the -^ 

vessel is repre- 
sented by a solid 
nucleated proto- 
plasmic cell, elon- 
gated or spindle- 
shaped or branch- 
ed. Such a cell 
may be an isolated 
cell of the cormec- 
tive tissue inde- 
pendent of any 
pre-existing vessel, 
or it may be a * 
solid protoplasmic 
outgrowth of the 
endothelial wall of 
an existing capil- 
lary vessel (Fig. psg. n._DeTOiortng CiwmBw Biood-»«M«i> 
61). In both oases f™" tb« iwi <3 iWpoiB. 

IV U«COmt9i 001- ^ naclMKd [irulfllp|»iniic iprout -, I, mild uiuto- 

lowed out by a fi'E^'*™' '" ■"•A'^'^'w -pui-rt-. 
process ef vacuola- 

tion; isolated vacnoles appear at first, but they 
gradually become confluent, and thus a young vessel is 
formed, at first very insular in outline, but gradually 
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acquiring more and more of a tabular form. In the 
case of an isolated cell^ its protoplasmic processes 
grow by degrees to the nearest capillary, to the wall 
of which they become fixed, and the cavity of the cell 
finally opens through such processes into that of the 
capillary vesseL 

The wall of young capillaries is granular-looking 
protoplasm (the original cell substance), and in it 
are disposed, in more or less regular fashion, oblong 
nuclei, derived by multiplication from the nucleus of 
the original cell. In a later stage, a differentiation 
takes place in the protoplasmic wall of the capillary 
into cell-plates and cement substance, in such a way 
that each of the above nuclei appertains to one cell* 
plate, which now represents the final stage in the 
formation of the capillary. Both \A the embryo and 
in the adult a few isolated nucleated protoplasmic cells, 
or a few protoplasmic solid processes of an existing 
capillary, may by active and continued growth give 
origin to a whole set of new capillaries (Strieker, 
Afianasieff, Arnold, Klein, Balfour, Ranvier, Leboucq). 



CHAPTER XI. 

THE LYMPHATIC VESSELS. 

110. The largre lymphatic tmnks, such as the 
thoracic duct, and the lymphatic vessels passing to and 
from the lymphatic glands, are thin-walled vessels, 
similar in structure to arteries. Their lining endothe- 
lium is of the same character as in an artery, and so are 
the elastic intima and the media with its circular mus- 
cular tissue, only they are very much thinner than in 
im &rtery of the same calibra The adventitia ]« an 
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exceedingly thin connective tissue membrane with a 
few elastic fibrea The valves are semi-lunar folds of 
the endothelium and intima. 

Ill: The lympliatics in the tissues and organs 
form rich plexuses. The; are tubular v^sels, the wall 
of which is, like that of a capillary blood-vessel, a single 
layer of endothelial plates (Fig. 52). The lymphatic 
may be, and often is, many times wider than a blood 
capillary. The endothelial plates are elongated, but 



Fig. ea,— Lympbatio Tew«1i oT tba Di^ragm of the Dog, atalned witk 



not SO long as in a blood capillary, with more or less 
sinuous outlines, but this depends on the amount of 
shrinking of the tissue in which the vessel is embedded ; 
when there is no shrinking in the tissue or in the vessel, 
the outlines of the cells are more or less straight. 

The lymphatics are supported by the fibrous con- 
nective tissue of the surrounding tissue, which does 
not, however, form part of their wall. 
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112. The outline of the vessel is not straight, but 
more or less moniliform, owing to the slight dilatations 
present below and at the semv-hmva/r valves ; these are 
folds of the endothelial wall^ and they are met with in 
great numbers. The vessel appears slightly dilated 
immediately below the valve, that is, on the side 
farthest from the periphery, or rootlet, whence the 
current of lymph starts. 

113. Tracing the lymphatic vessels in the tissues 
and organs towards their rootlets, we come to more or 
less irregular-shaped vessels, the wajl of which also 
consists of a single layer of polygonal endothelial plates; 
the outlines are very sinuous. These are the lymr 
p/iatic capillaries ; in some places they are mere clefts 
and irregular sinuses, in others they have n^iore the 
character of a tube, but in all instances they have 
a complete endothelial lining, and no valve& 

Sometimes a blood-vessel, generally arterial, is 
ensheathed for a shorter or longer distance in a 
lymphatic tube, which has the character of a lym- 
phatic capillary; these are the perivascular lymphatics 
of His, Strieker, and others. 

114. The rootlets of tbe lymphatics are situ- 
ated in the connective tissue of the different organs 
in the shape of an intercommunicating system of 
crevices, clefts, spaces, or canals, existing between the 
bundles, or groups of bundles, of the connective tissua 
These rootlets are generally without a complete endo- 
thelial lining, but are identical with the spaces in 
which the connective tissue corpuscles are situated; 
where these are branched cells anastomosing by their 
processes into a network — such as the cornea, or serous 
membranes — ^we find that the rootlets of the lymphatics 
are the lacunse and canaliculi of these cells — the typical 
lymph-canalicular system of von Recklinghausen. (Fig. 
53). The endothelial cells forming the wall of the 
lymphatic capillaries are directly continuous with the 
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conQrectiTe cells sitn&ted in the rootlets. In tendoDB 
and fascioe tJie minnto Ijmph&tica lie between the 
bundles, and have the filu^ of oontinnous long clefto 



Fig. tIS.— From ■ SilTer-rtalnad Frepuatton of Cbe Central TendoD ol 
the Babbit! DiephnigiB. Bhovlne: the direct conneclioii of the 
Ljmph-caualiaalai ^item ol the TiSHne with the LTinphatio 

or channels ; in striped muscnlaj: tissue they have the 
same chai-acter, being situated between the muscular 
fibres. 

The passage of plasma from the minute arteries 
and capillary blood-vessels into the lymph-rootlets 
Edtuated in the tissues, tmd thence into ^e lymphatic 
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capillaries and lymphatic vessels, represents the natural 
current of lymph irrigating the tissues. 

115. liymph cavities*— In some places the lym- 
phatic vessels of a tissue or organ are possessed of, or 
connected with, irregularly-shaped large sinuses, much 
wider than the vessel itself ; these cavities are the 
lymph sinuses, and their wall is also composed of a 
single layer of more or less polygonal endothelial 
plates with very sinuous outlinea Such sinuses are 
found in connection with the subcutaneous and sub- 
mucous lymphatics, in the diaphragm, mesentery, liver, 
lungs, &C. On the same footing — f.e., as lymph 
sinuses — stand the comparatively large lymph cavities 
in the body, such as the subdural and subarachnoidal 

spaces of the central 
nervous system, the 
synovial cavities, the 
cavities of the tendon- 
sheaths, the cavity of 
the tunica vaginalis 
testis, the pleural, 
pericardial^ and peri- 
toneal cavities. In 
batrachian animals, 
e.^., frogs, the skin all 
over the tmnk and 
extremities is sepa- 
rated from the sub- 
jacent fasciae and 
muscles by large bags 
or sinuses — ^the svh- 
cutanecms lymph sacs. 
These sinuses are shut 
off from one another by septa. Between the trunk 
and the extremities, and on the latter, the septa 
generally occur in the region of the joints. In 
female frogs in the mesogastrium smaller or larger 




Fig. 54.— -Stomata, lined with Germi- 
natixig Endothelial CelLs, as Been 
from the Cisternal Surface of the 
SeptnmCistemsB Lymphatics Magnus 
of the Frog. (Handbook. ) 
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cyate lined with ciliated endothelium are sometimeB 
found. Behind the peritoneal cavity of the frog, 
along and on each aide of the vertebral column, exists 
a similar large lymph sinus, called the ciatema lympha- 
tica magna. ' 

116. In all instances these cavities are in direct 
communication with 

the lymphatics of the 
aurrounding parts by 
holes or open mouths 
(giomoia), often lined 
by a special layer of 
polyhedral endothe- 
lial cells — germinat- 
ing cells (Figs. 64, 
S5). Such stomata 
are numerous on the 
peritoneal surface of 
the central tendon of 

the diaphragm, in Fte. SS.— EnaotheHom ud atomst* ol 
wViifti urn fniinil "" Fsrft™™! Snif»« of tha Saptnm 
wnicn are touna cirtern Lympiiatlo Ui«u of the 
straight lymph chan- 'Sto^. <Huidbook.) 
nels between the 

tendon bundles, and these channels communicate here 
and there with the free surface by stomata. A 
similar arrangement exists on the costal pleura, the 
omentum, and the cisteriia lymphatica magna of the 
frog. (See Chapter IV.) 

117. The serons membranes consist of a 
matrix of fibrous connective tissue with networks of 
fine elastic fibres ; they contain networks of blood 
capillaries and numerous lymphatic vessels arranged in 
(superficial and deep) plexuses. Those of the pleura 
costalis — or rather, intercostalis — and of the diaphragm 
and pleura pulmonalis, are most numerous, lliey are 
important in the process . of absorption from the pleural 
and peritoneal cavity respectively. Lymph and lymph 
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corpuscles, and other formed matter, are readily taken 
up by the stomata (see Fig. 20) and brought into the 
lymphatics, and in this the respiratory movement of 
the intercostal muscles, of the diaphragm, and of 
the lungs respectively, produces the result of the 
action of a pump. 

118. There is a definite relation between the 
lymphatics and the epithelium covering the mucous 
membranes and lining the various glands and between 
the endothelium covering serous membranes and that 
lining vessels and lymph cavities— viz., the albumin- 
ous semifluid cement substance («e6 former chapters) 
between the epithelial and endothelial cells is the 
path by which fluid and formed matter pass between 
the surfaces and the lymph-canalicular system, the 
latter being the rootlets of the lymphatics. 

119. liSrmpli taken from the lymphatics of dif- 
ferent regions diflers in composition and structure. 
That from the thoracic duct contains a large 
amount of colourless or white corpuscles — ^lymph cor- 
puscles — each of which is a protoplasmic nucleated cell 
similar in aspect and nature to a white blood corpuscle. 
They are of various sizes, according to the stage of 
ripeness. The smaller contain one, some of the larger 
contain two and three, nucleL The latter show more 
pronounced amoeboid movement than the small ones. 
A few red corpuscles are also met witL Granular 
and fatty matter is present in large quantities during 
and after digestion. 

In the frog (and also in other lower vertebrates, 
e.^., reptiles) &ere exist certain small vesicular lymph 
cavities, about an eighth of an inch in diameter, 
which show rhythmic pulsation ; they are called lymph 
heourts. On each side of the os coccygis and underneath 
the skin is a pulsating posterior lymph heart The 
anterior lymph heart is oval, and situated on each 
side between the processus transversiis of the third 
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and fourth vertebra; it is slightly smaller than the 
posterior ona The lymph hearts have an efferent ves- 
sel, which is a vein, and from them the venous system 




Fig. 56.— Developiog Ijymph^sapillaries in ttie Tail of Tadpole, 
a. Solid nucleated protoplasmic branches not yet boUowed out. (Atlas.) 



of the neighbourhood can be easily injected, whereas 
the reverse is not possible. They are lined with an 
endothelium like the lymph sacs, and in their 
wall they possess plexuses of striped, branched, 
muscular fibres. The nerve fibres terminate in these 
striped muscular fibres in the same manner as in those 
of other localities. (Kanvier.) 
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120. Lymphatic vessels are developed and newly 
formed under normal and pathological conditions in 
precisely the same way as blood-vessek. The accom- 
panying woodcut (Fig. 56) shows this very well. We 
have also here to do with the hollowing out of (con- 
nective tissue) cells and their processes previously 
solid and protoplasmic. 



CHAPTER XII. 

SIMPLE LYMPHATIC OLANDS. 

121. Under this name are to be considered the 
blood-glands of His, or the conglobate gland sub- 
stance of Henle, or the lymph follicles (Kolliker, 
Huxley, Luschka). The ground-substance of all 
lymphatic glands, simple as well as compound (see 
below), is the lymphatic or adenoid tissue, also called 
cytogenous tissue. Like all other gland-tissue, it 
is supplied with a rich network of capillaries 
derived from an afferent artery, and leading into 
efferent veins. 

122. The elements constituting this tissue are : — 

(a) The adenoid reticulum (Fig. 57), a network 
of fine homogeneous fibrils, with numerous plate-like 
enlargements. 

(b) Small, transparent, fiat, endotheloid cell-plateSy 
each with an oval nucleus. These cell-plates are fixed 
on the reticulum, of which at first sight they seem 
to form part. Their oval nucleus especially appears 
to belong to a nodal point — Le,, to one of the 
enlargements of the reticulum ; but by continued 
shaking of a section of any lymphatic tissue, the oval 
nuclei and their cell-plates can be got rid of, so that only 
the reticulum is left, without any trace of a nucleus. 
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(e) Irymph-eorpTigdeg completely fill the medieB 
of the adenoid reticulum. These caa be easily 
shaken out of the reticulum. They are of dif- 
ferent sizes ; 
some — the 
young ones — 
are small cells, 
with a com- 
paratively 
large nucleus ; 
others — the 
ripe ones — are 
Wger, have a " 
dis^nct pro- ' 
toplasmic cell 
body ,with one * 
or two nuclei. 
They all show 
on a warm 
Btage amte- 
boid move- 
ment, but in 
the large ones 
it is much more pronounced than in the small ones. 

The capillary blood-veesels supplying the adenoid 
tissue receive a more or less distinct special investment 
from the adenoid reticulum ; this b the capillary 
adventitia. 

123. The adenoid tissue occurs as : 

(1) Diffuse adenoid tissue, without any definite 
grouping or arrangement. This is the case in the sub- 
epithelial layer of the mucous membrane of the trachea, 
in the mucous membrane of the false vocal cords and 
the ventricle of the larynx, in the posterior part of 
the epiglottis, in the soft palate and tonsils, at the 
root of the tongue, in the pharynx, in the mucosa 
of the small and lai^ intestine, including the villi 



94 ELBMElfTS OF HlSTOLOGY^ [Chip. XII. 

of the former ; and in the xancous membmne of the 

nasal cavity and vagina. 

(2) Cordg, cylinders, or patches of adenoid tJBsoe ; 
as in the omentum and pleora, and in the spleen 
(Malpighian corpuscles). 

(3) Lymph foUickt, i.e.; oval or spherical maasea 
more or leas well defined ; as in the tMisils, at the root 
of the tongue, in the upper part of the pharynx (pharynx- 
tonsil), in the stomach, small and large intestine ; in 
the misal mucous membrane, in the lar^ and small 
bronchi ; and in the spleen (Mslpighlan corpuscles). 

124:. The tonsUs (Fig. 58) are masses of lymph folli- 
cles and diffuse adenoid tissue covered with athin mucoid 
membrane, which penetrates in the shape of longer or 
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shorter folds into the substance within. Numbers of 
mucus-secretins; s^lands situated outside the layer of 
lymph f oUides d^harge their secretion into the pit^ 
lie crypts — ^between the folds. The free surface of the 
tonsils and the crypts is covered or lined respectively 
with the same stratified epithelium that lines the oral 
cavity. Numbers of lymph corpuscles constantly, in 
the perfectly normij condition, migrate through the 
epithelium on to the free surface, and are mixed with 
the secretions (mucus and saliva) of the oral cavity. 
The so-called mucous or salivary corpuscles of the 
saliva, taken front the oral cavity, are such discharged 
lymph corpuscles. They become swollen up by the 
water of the saliva, and assume a spherical shape. 
They finally disintegrate. 

Similar relations, only on a smaller scale^ obtain 
at the root of the tongue. 

Hie pharynx tonsU of Luschka, occurring iii the 
upper part of the pharynx, is in all essential respects 
the same as the palatine tonsil Owing to large parts 
of the mucous membrane of the upper portion of the 
pharynx being covered with ciliated columnar epithe- 
lium,- some of the crypts in the pharynx tonsil are also 
lined with it. 

125. The lenticular glands of the stomach are 
single lymph follicles. 

The solitary glands of the small and especially 
the large intestine are single lymph follicles. 

The agminated glands of the ileum are groups 
of lymph follicles. . The mucous membrane containing 
them is much thickened by their presence, and repre- 
sents a Peyer'a pcUch or a Peyer^a glaind: 

126. In most instances the capillary blood-vessels 
form in the lymph follicles meshes, arranged in a more 
or less radiating manner from the periphery towards 
the centre ; around the periphery there is a network 
of small veins. A larger or smaller portion of the 
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circumference of the follicles of the tonsils, pharynx, 
intestine, bronchi, <fea, is surrounded by a lymph 
sinus leading into a lymphatic vesseL The lymphatic 
vessels and lymph sinnses in the neighbourhood of lyn.- 
phatic follicles or of diffuse adenoid tissue are almost 
always found to contain numerous lymph corpuscles, 
thus indicating that these are produced by the adenoid 
tissue and absorbed by the lymphatics. 

127. The Tbynms glanA consists of a frame- 
work and the gland substance. The former is fibrous 
connective tissue arranged as an outer capsule, and 
in connection with it are septa and trabeculse passing 
into the gland and subdividing it into lobes and 
lobules, which latter are again subdivided into the 
follicles (Fig. 59a). The follicles are very irregular 
in shape, most of them being oblong or cylindrical 
streaks of adenoid tissue. Kear the capsule they are 
well defined from one another, and present a poly- 
gonal outline ; farther inwards they are more or less 
fused. Each shows a central transparent medulla 
and a peripheral less transparent cortex (Watney). 
At the places where two folUcles are fused with one 
another the medulla of both is continuou& The matrix 
is adenoid reticulum, the fibres of the medullary part 
being coarser and shorter, those of the cortical portion 
of the follicle finer and longer. The meshes of the 
of the reticulum in the cortical part of the follicles are 
filled with the same lymph-corpuscles as occur in the 
adenoid tissue of other organs, but in the medullary 
part they are fewer, and the meshes are more or less 
completely occupied by the enlarged but transparent 
endotheloid plates. These conditions cause the greater 
transparency of the medulla. In some places the 
endoUieloid cells are granular, and include more than 
one nucleus ; some are even multinucleated giant cells. 

128. There occur in the medulla of the follicles, 
larger or smaller, more or less concentrically-arranged 
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nucleftted protoplaamic cells, which are the eoneentru; 
bodies of Hassall (Fig. 59b). They are met with al- 



ia Qlsad ot a f cetos. 



ready in the early stages of the life of the thymns, and 
cannot therefore be connected with the involution of 
the gland, as maintained by Afanassief, according to 
whom the concentric cor- _ 

puscles are formed in 
blood-veseela which there- 
by become obliterated. 
According to Watney 
they are concerned in the 
formation of blood- vessels 
and connective tissua 

The lymphatics of the 
interfollicular septa and trabeoulse always contaia 
numbers of lymph corpuscles. The blood capillaries 
of the follicles are more richly distributed in the 
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cortex than in the medulla, and they radiate from the 
periphery towards the central parts. 

129. After birth, the thymus gland commences to 
undergo degeneration, leading to the gradual dis- 
appearance of the greater portion of the gland, its 
place being taken by connective tissue and fat. But 
the time when the involution is completed varies 
within very broad limits. 

It is not unusual to find in individuals of fifteen 
to twenty ;y^rs of age still an appreciable amount of 
thymus gland tissue. In some animals — e.g,^ guinea- 
pigs — ^the involution of the gland even in the adult has 
not made much progress. In the thymus of the dog 
Watney found cysts lined with ciliated epithelial cells. 



CHAPTER XIII. 

COMPOUND LYMPHATIC GLANDS. 

130. Thb compound or true lymphatic glands are 
directly interpolated in the course of lymphatic vessels. 
Such are the mesenteric, portal, bronchial, splenic, 
sternal, cervical, cubital, popliteal, inguinal, lumbar, 
(fee, glands. Afferent lymphatic vessels anastomosing 
into a {>lexus open at one side (in the outer capsule^ 
into the lymphatic gland, and at the other (the hilum) 
emerge from it as a plexus of efferent lymphatic tubes. 

131. Each true lymphatic gland is enveloped in a 
fibrous capsule which is connected with the interior 
and the hilum by connective tissue trabecutce and septa. 
The trabeculse having advanced a certain distance, 
about one-third or one-fourth, in a manner more or 
less radiating towards the centre, branch into minor 
trabeculse, which in the middle part of the gland anasto- 
mose with one another so as to form a plexus with small 
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meshes. Thua the peripheral third or fourth of the 
gland is subdivided by the eepta and trabectilK, into 
relatively large spherical or oblong compartments, while 
the middle portion is made up of relatively small cylin- 
drical or irregularly-shaped oompartmenta (Fig. 60). 
The former region is the cortex, the latter the medulla of 
the gland. The compartments of the cortex anastomose 
'with one another and with those of the medulla, and 
these latter also form one intercommunicating system. 
The fibrous capsule, the septa and trabeculfe are 
the carriers of the vascular trunks ; the trabeculce 
consist of fibrous comiective tissue and of a certain 



rig. 80.— From ■ Tertical BaoHon throngh ft lymphrtlo Gtaud, tha 

LjiffiplKtiog of wMoh hid been Injeoted. 
tiTbe ppler oik|i«Qle, ivllb Irnplutlo TfHe 

amount of non-etriped muscular tissue, vhich is con- 
spicuous in some animals — e.g., pig, calf, rabbit, 
guinea-pig— but is scarce in man. 

Sometimes coarsely granular connective tissue cells 
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(plaBma cells) are present in considerable numbers in 
the tr&becnl«!. 

132. The compartments contain masses of adenoid 
tissae, withoat being completely filled with it ; those 
of the cortex contain oval or spherical masses — ihe 
lymph JbUicleg of the cortex ; those of the medulla 
cylindrical or irregularly -shaped masses — the medullary 
cylindera. The former anastomose witb one another 
and vitb the latter, and the latter amongst them- 
selves, a condition easily onderstood from what has 
been said above of the nature of t^e compartments 
contuning these lymphatic structures. The follicles 

and medullary 
cylinders consist 
of adenoid tissus 
of exactly the 
same character as 
that described in 
the previous chap- 
ter. And this 
tissue also con- 
tains the last rami- 
fications of the 
blood-vessels, i.e., 
the last branches 
of the arteries, a 
rich network of 
capillary blood- 
vessels, and the 
first or smaller 
branches of the 

Fiff. ai.— Frnni » SeoHon Uirough k vbIiib The 

Lymphatic Gland. .,, . j 

*Tbe ot,i« npraiti ,, Mni™i ir»pb.inu>: capillaries and 

a, tAfianM tlHue of urt}c4l follicle. KUniVrDDB nf-lsav- iraoaola IV- 
nuclel, ladluilDgliniplicuniuiclei. (Mlu.) OtCer veSseiS re- 

c^ve also here 
an adventitious envelope from the adenoid reticulum. 

133. The cortical follicles and the medullary 
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cylinders do not completely fill out the compartments 
made for them by the capsule and traheculie respec- 
tively, but a small peripheral zooe of each compart- 
ment is left free ; this is a ly^npiiotic sinitt. In the 
cortex it is spoken of as a cortical (Fig. 61), in the 
medulla as a medullary, lyniph »inu« (Fig. 62). The 
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former is a space between the outer surface of the 
cortical lymph follicle and the corresponding part of 
the capsule or cortical septum, the latter between the 
surface of a medullary cylinder and tho trabeculse. 
Prom what has been said of the relation of the com- 
[lartments, it follows that the cortical and medullary 
lymph sinuseB form one intercommunicating system. 
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These are not empty free spaces, but are filled with a 
coarse reticulum of fibres, much coarser than the ade- 
noid reticulum ; to it are attached large transparent 
.cell plates — endotheloid plates. In some instances (as 
in the calf) these cell-plates of the medullary siauses 
contain brownish pigment granules, which give to the 
medulla of the gland a dark brown aspect. In the 
meshes of the reticulum of the sinuses are contained 
lymph corpuscles, the majority of which consist o£ a 
relatively large protoplasmic body, and one or two 
nuclei ; they show lively amoeboid movement; a few 
small lymph corpuscles are also amongst them. 

The surface of the trabeculse facing the lymph 
sinuses is covered with a continuous layer of endothe- 
lium (von Eecklinghausen), and a similar endothelial 
membrane, but not so complete, can' be made out on 
the surface of the cortical follicles and the medullary 
cylinders. Tlie endotheloid plates, as applied to the 
reticulum of the sinuses, are stretched out, as it were, 
between the endothelial membrane covering the sur- 
face of the trabeculss on the one hand and that 
covering the surface of the follicles and cylinders on 
the other. 

In the mesenteric gland of the pig the distribution 
of cortical follicles and medullary cylinders is almost 
the reverse from that of other glands or in other 
animals. 

134. The afferent lymphatic vessels having entered 
the outer capsule of the gland, and having formed 
there a dense plexus, open directly into the cortical 
lymph sinuses. The medullary lymph sinuses lead 
into lymphatic vessels, which leave the gland per 
hilum as the efferent vessels. 

Both afferent and efferent vessels are supplied 
with valves. 

135. The course of the lymph through a lymphatic 
gland is then simply this — from the afferent vessels, 
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situated in the capsule, into the cortical lymph sinuses, 
from these into the medullary sinuses, and from these 
into the efferent lymphatics. Owing to the presence 
of the reticulum in the sinuses the current of the 
lymph will proceed only very slowly and with diffi- 
culty, as if it were passed through a spongy filter. 
Hence a large number of formed corpuscles, pigment, 
inflammatory or other elements, passing into the gland 
by the afferent vessels are easily arrested and de- 
posited in the sinuses, and there readily swallowed by 
the amoeboid corpuscles lying in the meshes. 

Passing a stream of water through the gland, the 
contents of the meshes of the reticulum of the sinuses — 
i,e,, the lymph corpuscles — are of course the first things 
washed out (von Recklinghausen), and on continuing 
the stream some of the lymph corpuscles of. the 
follicles and cylinders are also washed out Hence it 
is probable aho that by the normal stream of lymph 
passing through the gland, lymph corpuscles are 
drained, as it were, from the folUcles and cylinders 
into the sinuses. The amoeboid movement of the lymph 
corpuscles, especially of the large and ripe ones, will 
greatly facilitate their passage from the follicles and 
cylinders into the lymph sinuses. 



CHAPTER XIV. 

NERVE-FIBRES. 



136. The nerve-fibres conduct impulses to or firom 
the tissues and organs on the one hand, and the nerve- 
centres on the other, and accordingly we have to con- 
sider in each nerve-fibre the peripheral and central 
termination and the conducting part. The latter, id., 
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the nerve-fibres proper, in the cerebro-spinal nerves are 
grouped into bundles, and these Ekgain into anatomical 
nerve-branches and nerve-trunks. Each anatomical 
oerebro-spinal nerve consists, therefore, of bundles of 
nerve-fibres (Fig. 63). The general matrix by Tvliich 
these bundles are held togetlier is fibrous connective 
tissue called the Epineurium (Key and Betzius) ; this 
epineurium is tlie carrier of the larger and smaller 
blood-vessels with which the nerve-trunk is supplied, 
of a plexus of lymphatics, of groups of fat-cells, and 
sometimes of numerous plasma cells. 

137. The nerve-bundles {Fig. 64) are of various sizes, 
according to the number and size of the nerve-fibres they 
contain. They are well-defined by a sheath of their 



Fig. eS.— From ■ Tnnsiene Seotion Uuongli tlw BOnUe Sane ot 
tha Dog. 



called perineurium (Key and Retzius). This peri- 
'""" consists of bundles of fibrous connective " 



arranged in lamellte, every two lamellte being separated 
from one another by smaller or larger lymph spaces, 



Chap. XIV.] Nerve-fibres, 105 

which fonn an intercommunicating system, and 
anastomose with the lymphatics of the epineurium 
whence they can be injected. Between the lamellae, 
and in the spaces, are situated flattened endotheloid 
connective tissue corpuscles. 

The nerve-bundles are either siTigle or compound. 
In the former the nerve-fibres contained in a bundle 
are not sub-divided into groups, in the latter the 
bundles are sub-divided by thicker and thinner septa 
of fibrous connective tissue connected with the peri- 
neurium. When a nerve-bundle divides — as when a 
trunk repeatedly branches, or when it enters on its peri- 
pheral distribution — each branch of the bundle receives 
a continuation of the lamellar perineurium. The more 
branches the perineurium has to supply, the more re- 
duced it becomes in thickness. In some of these minute 
branches the perineurium is reduced to a single layer 
of endothelial cells. When one of these small bundles 
breaks up into the single nerve-fibres, or into small 
groups of them, each of these has also a continuation 
of the fibrous tissue of the perineurium. In some 
places this perineural continuation is only a very 
delicate endothelial membrane, at others it is of 
considerable thickness, and still shows the laminated 
nature. Such thick sheaths of single nerve-fibres, 
or of small groups of them, represent what is called 
Henle^a sheath, 

138. The nerve-fibres are held together within the 
bundle by connective tissue, called the Endoneu/rvum 
(Fig. 64). This is a homogeneous ground substance in 
which are embedded fine bundles of fibrous connective 
tissue, and connective tissue corpuscles, and capillary 
blood-vessels arranged so as to form a network with 
elongated meshes. Between the perineurium and the 
nerve-fibres are found here and there lymph spaces; 
similar spaces separate the individual nerve-fibres, and 
have been injected by Key and Betzius. 
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When nerve-trunks anastomose ao as to form a 
plexus — e.g., in the brachial, or sacral plexus — there 
occurs an exchange and re-arrangement of nerve- 
bundles in the branches. A eimilar condition obtains 
in the ganglia of the cerebro-spinal nerves. Nerve- 



trunks and nerve-branch 83 passing through a lymph 
cavity, each as the Bubdural spaces, or the sub- 
cutaneous lymph sacs, or the cisteraa lymphatica 
magna in the f rc^, receive from the serous membrane 
an outer endothelial covering. 

139. Tbe nerve-fibres in the nerve-bundles of the 
cerebro-spinal nerves, with the exception of the 
olfactory nerve, are meduUaied nerve-fibres. These are 
doubly or darkly contoured smooth cylindrical fibres, 
varying in diameter between -^-^j^ and Yjffcn ^^ ^^ 
inch. Within the same bundle of a nerve — e.g., of 
the brachial or sacral plexus — there occur fibres which 
are several times thicker than others, and it is pro- 
bable that they are derived from different sources, 
Schwalbe has shown that the thickness of the nerve- 
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fibre stands in a certain relation to the distance of its 
periphery from the nerve-centre and to functional 
activity. 

A mediillated nerve-fibre in the fresh condition 
is a bright glistening cylinder, showing a dark 
double contour. Either spontaneously after death, 
or after re-agents — as water, salt solution, dilute 
acids — or after pressure and mechanical injury, the 
outline of the nerve-fibre becomes irregular ; smaller, 
or larger, glistening dark-bordered droplets and masses 
appear and gradually become detached. These 
droplets and masses are derived from the fatty sub- 
stance constituting the medullary sheath or white 
substance of Schwann (see below). When a nerve- 
fibre within the bundle undergoes degeneration during 
life, either after section of the nerve or after other 
pathological changes, or in the natural course of its 
existence (S. Mayer), the medullary sheath breaks up 
into similar smaller or larger globules or particles, 
which gradually become absorbed. 

140. Each medullated nerve-fibre (Figs. 64a, 66) 
consists of the following parts : (a) the central aada 
cylinder. This is the essential part of the fibre, and is 
a cylindrical or bandlike, pale, transparent structure, 
which in certain localities (near the terminal distribu- 
tion, in the olfactory nerves, in the central nervous 
system), and especially after certain re-agents, shows 
itself composed of very fine homogeneous or more or 
less beaded fibrillse — the elementary or prvmitiveJihriUcB 
(Max Schultze) — held together by a small amount of a 
fdintly granular interstitial substance. The longitu- 
dinal striation of the axis cylinder is due to its being 
composed of primitive fibrillse. The thickness of the 
axis cylinder is in direct proportion to the thickness 
of the whole nerve-fibre. The axis cylinder is said 
to be enveloped in its own hyaline more or less elastic 
theathy composed of neurokeratin. 
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141. (6) The medvZlary sheath or white substance 
of Schwann, also called the medulla of the nerve-fibre. 
This is a glistening bright fatty substance surrounding 
the axis cylinder, as an insulating hollow cylinder 
surrounds an electric wire. The medullary sheath 
gives to the nerve-fibre its double or dark contour. 
Between the axis cylinder and the medullary sheath 
there is a small amount of albuminous fluid 

which appears greatly increased 
when the former, owing to shrink- 
ing, stands farther apart from the 
latter. 

1 42. (c) The sheath of Schwann^ 
or the neurilemma, surrounds closely 
the medullary sheath, and forms 
the outer boundary of the nerve- 
fibre. It is a hyaline delicate 
membrane. From place to place 
there is present between the neuri- 
lemma and the medullary sheath, and 
situated in a depression of the latter, 
an oblong nucleus, surrounded by a 
thin zone of protoplasm. These 
nucleated corpuscles are the Tierve 
corpuscles (Fig. 64a), and are analo- 
gous to the muscle corpuscles, situated 
between the sarcolemma and the 
striated muscular substance. They 
are not nearly so numerous as the 
muscle corpuscles. 

143. The neurilemma produces 
at certain definite intervals annular 

constrictions, the nodes or constrictions ofRanvier (Figs*. 
64a, 65,66), and at these nodes of Ranvier the medullary 
sheath, but not the axis cylinder and its special sheath, 
sufiers a discontinuity and sharply terminates. The 
portion of the nerve-fibre situated between two nodes is 




PIjj. 64A.— Two Nerve 
Fibres, sbowiog the 
nodes or constric- 
tlona of Rftnvier and 
tbe axis cylinder. 
The medullary 
sheath has been dis- 
solved away. Tbe 
deeply - stained ob- 
long nuclei Indicate 
the nerve corpuscles 
within the neuri- 
lesima. (Atlas.) 
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tlie intemodul segment. Each intemodal segment has 
geDerttlly one, occasionally more than one, nerve 
corpuscle. The medul- 
lary cylinder of each in- 
temodal segment is made h 
up of a number of coni- 
cal sections (Fig. 66a) 
imbricated at their ends 
(Schmidt, I^intermann) 
(Fig. 66), and each such 
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section is again made up of 
a large number of rod-like 
structures (Fig. 67) placed 
vertically on the axis cylin- 

These rods are, how- 
ever, connected into a net- 
ir«-nb™. work. The network itself 
oM°l^fin- ia very likely the neuro- 
,°^K^ciB keratin of Ewckld and Kflhne, 
emifn^ whereas the interstitial sub- 
flkn u t stance of the network is 
5£i mS- probably the fatty sub- 
IheMfu" stance leaving the nerve- 

ilemiMea. g^^j.^ ^^ y^g ^^^ ^f dropletS 
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when, pressure or regents are applied to the fresh 
nerve-fibre. 

144. Medullftted nerve-fibrea \mxk(ni.l any neuri- 
2emma,and consequently without any nodes of Ranvier, 
with a thick more or less distinctly laminated medul- 
lary sheath, form the 
white substance of the 
brain and spinal cord. 
In these organs, in the 
hardened and fresh state, 
numerous nerve - fibres 
may be noticed, which 
show more or less regu- 
lar varicositiea, owing to 
local accumulations of 
fluid between the axis 
cylinder and medullary 
sheath. These are called 
varicose nerve-jthres. 
They occur also in the 
branches of the sympa- 
thetic nerve. 

The nerve-fibres of 
the optic and acottatie 
nerve are medullated, 
but without any neuri- 
varicose fibres 
are common in them. 
iMOTKaff«>h^i£'."{Ali^'i 145. Medullated 

nerve-fibrea occasionally 
in their course divide into two'aiedu Hated fibres. Such 
division is very common in medullated nerve-fibres 
supplying striped muscular fibres, especially at or near 
thepointof entrance into the muscular fibres (seebelow). 
But also in other localities division of nerve-fibres 
may be met with. The electric nerve of the electric 
fishes (malapterurus, gymnotus, silurus, etc, elec- 
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tricus) shows such divisions to an extraordinary degree, 
one huge nerve-fibre dividing at once into a bundle of 
minor fibres. Division of a medullated fibre takes 
place generally at a node of Hanvier. The branches 
taken together are generally thicker than the un- 
divided part of the fibre, but in structure they are iden- 
tical with the latter. 

146. When medullated nerve-fibres approach their 
peripheral termination, they change sooner or later, in 
so far as their medullary sheath suddenly ceases ; and 
now we have a rum-medullated, or Remakes nerve- 
fibre. Each of these consists of an axis cylinder, a 
neurilemma, and between the two a nucleated nerve 
corpuscle from place to place. Non-meduUated nerve- 
fibres always show the fibrillar nature of their 
axis cylinder. The olfactory nerve-branches are 
entirely made up of non-medullated nerve-fibres. In 
the branches of the sympathetic most fibres are non- 
medullated. 

The non-medullated fibres undergo always repeated 
divisions. They form plexuses, large fibres branching 
into smaller ones, and these again joining (Fig. 68). 
Generally at the nodal points of these plexuses there are 
triangular nuclei, indicating the corpuscles of the 
neurilemma. 

147. Finally the non-medullated nerve-fibres lose 
their neurilemma, and then we have simple ctxis 
cylinders. These branch and ultimately break up 
into the constituent primitive nerve-JlbrUlce, which 
occasionally show regular varicosities (Fig. 69). 
Of course, of a neunlemma or the nuclei of the 
nerve corpuscles there is nothing left. These 
primitive fibrillae branch and anastomose with one 
another, and thus form a network The density 
of this network depends on the number of primitive 
fibrils and the richness of their branching. These 
primitive fibrils and their networks represent the 
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peripheral termination^ and this mode of termination 
occurs in the nerve-fibres of common sensation, as in 
many of the nerve-fibres of the skin, cornea, and 




Pig. 68.— Plexus of Fine Non-medullated Nerve-fibres of the Cornea. 

a, A thick non-medullated nerve-Abre ; h, a fine one ; e, d, elementary fibrils, 

anastomosing into a network. 

mucous membranes. In all these cases the peripheral 
termination, i,e., the primitive fibrils and their net' 
works are found intra-epithelial (Fig. 70), i.e, situated 
in the stratum Malphigii of the epidermis, in the epithe- 
lial parts of the hair follicle, in the anterior epithelium 
of the cornea, and in the epithelium of the mucous 



Ner ve-fibr es. 



The priinitiTe nerve-fibrik lie in the 
interstitial Hubatance betineen the epithelial cells, as 







ol CheCoTnek. 



intrsrepithelial networks and as primitive fibrils ■which 
appear to terminat* with free ends. 

148. Tracing then a nerve-fibre, say one of common 
Bensation, from the periphery towards the centre, we 
have isolated priTmtive fibriU or networks of them ; 
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they form by association simple asUs cylinders, which 
vary in thickness according to the number of their 
constituent primitive fibrils. These simple a^oylin- 



— Intrs-epitbdial Bene-t«r)niiiatiOB In Out i 
of the Coruea, u been in an oblique se 



ders form plexuses. By association they make larger 
axiii cylinders, and these becoming invested with a 
neurilemma, and with the nuclei of nerve corpuscles, 
form norirmedullated neme-JUyres. These also form 
plexuses. A medullary sheath makes its appearance 
between the neurilemma and the axis cylinder, and 
thus forms a medullated nerve-Jibre. 
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CHAPTER XV. 

FEBIPHERAL NERVE-ENDINQS. 

149. In the preceding chapter the termination of 
the nerves of common sensation, as isolated primitive 
fibrillse, and as networks of these, has been described 
in the epithelium of the skin and mucous mem- 
branes, and in the anterior epithelium of the cornea. 
Besides these there are other special terminal organs 
of sensory nerves, probably concerned in the per- 
ception of some special quality or quantity of sensory 
impulses. They are all connected with a medullated 
nerve-fibre, . and are situated, not in the epithelium 
of the surface, but in the tissue, at greater or 
lesser depth. Such are the Pacinian corpuscles, the 
Herbst corpuscles, the end-bulbs of Krause in the 
tongue and conjunctiva, the genital end-corpuscles or 
end-bulbs in the external genital organs, the corpuscles 
of Meissner, or tactile corpuscles, in the papillsB of 
the skin of the volar side of the fingers, the touch-cells 
of Merkel in the beak and tongue of duck, <kc. 

150. The Paelnian corpuscles* — These are 
also called Vater*s corpuscles. They occur in large 
numbers on the subcutaneous nerve-fibres of the palm 
of the hand fend foot of man, in the mesentery of the 
cat, along the tibia of the rabbit, on the genital organs 
of man (corpora cavernosa, prostate). Each corpuscle 
is oval, more or less poiuted, and in some places 
easily perceptible to the unaided eye (palm of 
the human hand, mesentery of the cat), the largest 
being about ^th of an inch long and -^th of an inch 
broad; in other places they are of microscopic size 
only.. Each possesses a stalk, to which it is attached, 
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and which is a single efferevi, medullaled nerve-Jibr« 
(Fig, 7 1 ), differing from an ordinary medullated nerve- 
fibre merely in the fact that outside the neurilemma of 
the nerve-fibre there is 
present a thick laminated 
connective tissue eheath, 
which is the sbeath of 
Henle — continuous with 
the perineural sheath of 
the nerve branch with 
which the nerve-Gbre is in 
connection. This medul- 
lated nerve-fibre within ita 
slieath possesses generally 
a very wavy outline. The 
corpuscle itself is com- 
posed of a large number of 
h>meU«e, or capsules, more 
or lees concentrically ai^ 
ranged around a cerU/ral 
elongated or eylindriaal 
clear tpaee. ITiis space 
Kg. yi'-A PBoinim CoipnMie, contains in its axis from 
from the Mwenteiy o( tfieCst. the proximal end, is-, the 
"' '^'"^^wfoa^uiSy""'"'' one nearest to the stalk, to 
near the opposite or distal 
end, a continuation of the nerve-fibre in the shape of a 
Bwnple axis oylirider. But this axis cylinder does not 
fill out the central space, since there is, all round the 
faintly and longitudinally striated axis cylinder, a good 
deal of space left filled with a transparent substance, in 
which, in some instances^ rows of spherioal nuclei may 
be perceived along the margin of the axis cylinder. 
At or near the distal end of the central space the 
asM cylinder divides im two or more branches, and 
these Urmvnale in pear-shaped, oblong, spherical, or 
irregularly-shaped granular-looking enlargeTnentt. 
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151. The concentric capsiUes forming the corpuscle 
itseKare disposed in a different manner at the periphery 
and near the central space from that in which they 
are disposed in the middle parts, yiz., in the former 
localities they are much closer together, being thinner 
than in the latter. On looking, therefore, at a 
Pacinian corpuscle in its longitudinal axis, or in cross 
section, we always notice the striation (indicating the 
capsules) to be closer in the former than in the latter 
places. Each capsule consists of — (a) a hyaline, pro- 
bably elastic, ground mbstance, in which are embedded 
here and there (6) fine bundles of connective tissue 
fibres; (c) on the inner surface of each capsule, i.e., 
the one directed to the central axis of the Pacinian 
corpuscle, is a single layer of nucleated endothelial 
plates. The oblong nuclei visible on the capsules at 
ordinary inspection are the nuclei of these endothelial 
plates. There is no fluid between the capsules, but 
these are in contact with one another (Huxley). 
Neighbouring capsules are occasionally connected with 
one another by thin fibres, 

152. In order to reach the central space of the 
corpuscle, the medullated nerve-fibre has to perforate 
the capsule at one pole; thus a canal is formed 
in which is situated the medullated nerve-fibre, 
and as such, and in a very wavy condition, it reaches 
the proximal end of the central space. This 
part of the nerve-fibre may be called the interme- 
diary part. The lamellae of the sheath of Henle 
pass directly into the peripheral capsules of the 
corpuscle. 

Immediately before entering the central space, the 
nerve-fibre divests itself of all parts except the axis 
cylinder, which, as stated above, passes into the central 
space of the Pacinian corpuscla In some cases a 
minute artery enters the corpuscle at the polo, opposite 
to the one for the nerve-fibre ; it penetrates the 
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peripheral capsules, and supplies tliem with a few 

capillary vessels. 

153. The coipnscles of Herbal are similar to 

the Pacinian corpuscles, with this difference, that they 

are smaller and more elongated, that the axis cylinder 
of the central space is bordered by 
a continuous row of nuclei, and 
that the capsules are thinner and 
more closely placed (Pig. 72). 
This applies especially to those 
near the central space, and here 
between these central capsules we 
miss the nuclei indicating the en- 
dothelial plates. Such is the nature 
of Herbst's corpu scles in the mucous 
membrane of the tongue of the 
duck, and to a certain degree also 
in those of the rabbit, and in 
tendons. 

154. The tactile corpus- 
cles, or corpuscles of ItleisB- 
oer, occur in the papillse of the 
corium of the volar side of the 
fingers and toes in man and ape ; 

Fte. 72. -A Hertot'B they are oblong, straight, or 
ftHpuMie from the slightly folded. In man they are 

ToDsne of Duck. ■. ^^ \ ^ i c ■ i, 1 

-^ The inc4u1l«Ed nerve, about j-f^to gjj^ of an mch long, 
abre cut >wnj, hqJ .^J^ j;^ _^^ fjl ^Q ijjpjj 

broad. They are connected 
with a medullated nerve fibre — generally one, occa- 
sionally, but rarely, two — with a sheath of Henle. 
The nerve-fibre enters the corpuscle, but usually 
before doing so it winds round the corpuscle as a 
medullated fibre once or twice or oftener, and its 
Henle's sheath becomes fused with the fibrous capsule 
or sheath of the tactile cor|iuscle. The nerve-fibre 
ultimately loses its medullary sheath and penetrates 
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into the interior of the corpuscle, where the axis 
cylinder branches ; its branches re- 
tain a coiled course all along the 
tactile corpuscle (Fig. 73), anastomose 
■witii one another, and terminate in 
Blight eolargemente, pear-shaped or 
cyEndrical. These enlargements, ac- 
cording to Merlcel, are touch cells. 
The matrix, or main part of the 
tactile corpuscle consists, besidee the 
fibrous sheath with nuclei and numer- 
ous elastic fibres, of fine bundles of 
connective tissue, and of a numbw 
of nucleated small cells. Fjjt. 73.— A J^tiin 

155. Olie end.ballts of ^^X^^ti 
Krause.— These occur in the con- theHnmHiHBfld. 
junctiva of calf and man, and are [°^s"^Df ibf^rv^ 
oblong or cylindrical minute corpus- w.'^piemluiiS.)" 
cles situated in the deeper layers of 

the conjunctiva, 
near the corneal 
margin A medul- 
lated nerve : fibre, 
with Henle's sheath, 
enters the corpuscle 
(Fig. 74). This 

cleated capsule, and 
is a more or less 
laminated (in man 
more granular- 
looking) structure, 
numerous nuclei be- 
ing scattered be- 
tween the laminie. 
Pig. 7*.— An End-bolb of sranse. Of the nerve-fibre, 
.*MeduLiMeaiiert^fltro^^6.tiicc.p«uieo(iiic gg ^ rule, only the 
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&xiB cylinder is prolonged into the interior of the 
corpuscle. Occasionally the medullated nerve-fibre 

passes, as Buch, into the corpuscle, being at the 
same time more or leas convoluted. Having passed 
to near the distal extremity, it branches, and termi- 
nates with small enlargementB (Krause, Longworth, 
Merkel, Key and Retziua). 

The end-bulba in t/ie genital organs, or the genital 
eorpTuclea of Krauze, are similar in structure to the 
simple end-bulbs. They occur in, the tissue of the 
cutis and mucoua membrane of the penis, clitoris, and 
vi^na. 

1S6. The corpuscles of Grandry or toucA- 
coTpuaclet of Merkel in the tissue of the papillie va the 
beak and tongue of birds are oval or sphencal cor- 
puscles of minute size possessed of a very del cate 




Fiff. 75. — Gorposalea of Qrandry In the Tongue of Dack. 
^ EBiiheUum 1 ». BfiTe-flbre. tiziiuicrao.) " 

nucleated membrane as a capsule, and consisting of a 

aeries (two, three, four, or more) of large, slightly- 
flattened, granular-looking, transparent cells, each with 
a spherical nucleus, and arranged in a vertical row (Fig. 
75). A medullated nerve-fibre enters the corpuscle from 
one side, and losing its medullary sheath, the axis cy- 
linder branches, and its branohlets terminate, according 
to flome (Merkel, Henle), in the cells of the corpuscle 
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(touch-K^lls of Merkel) ; according to others (Key and 
Ketzius, Ranvier, Hesse, Izquierdo), in the trans- 
parent substance between the touch-cells, thus form- 
ing the * disc tactil ' of Ranvier or the Tastplatte of 
Hesse. Neither theory seems to me to answer to the 
facts of the case, since I find that the branchlets of 
the axis cylinder terminate, not in the touch-cells, nor 
as the disc tactil, but with minute swellings in the 
interstitial substance between the touch-cells, in a 
manner very similar to what is the case in the con- 
junctival end bulbs. According to Merkel, single or 
small groups of touch-cells occur in the tissue of the 
papillae, and also in the epithelium,, in the skin of 
man and mammals. ^ 

157. In articulations — e.^., the knee-joint of the 
rabbit — ^Nicoladoni described numerous nerve branches, 
from which fine nerve-fibres are given off. Some of 
these terminate in a network, others on blood-vessels, 
and a third group enter Pacinian corpuscles. Krause 
described in the synovial membranes of the joints of 
the human fingers meduUated nerve-fibres which end 
in peculiar tactile corpuscles, called by him " articula- 
tion-nerve corpuscles." 

158. The nerve brandies supplying non- 
striped mnscular tissue are derived from the 
sympathetic system. They are composed of non- 
medullated fibres, and the branches are invested in 
an endothelial sheath, — perineurium. The branches 
divide into single or small groups of axis cylinders, 
which reunite into a plexus — the ground plexus of 
Arnold, Small fibres coming off from the plexus 
supply the individual bundles of non-striped muscle 
cells, and they form a plexus called the intermediary 
pleocua (Fig. 76). The fibres joining this plexus are 
smaller or larger bundles of primitive fibrillae; in 
the nodes — i.e,, the points, of meeting of these fibres 
are found angular nuclei From the intermediary 
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plexus pass off isolated or small groups of prinutive 
fibrilhe, which pursue their course in tlie interstitial 




twe 



iscle 



the 

cells; 



intRTrnviicula/r 
firils (Fig.lGA). 
According to 
Frank en haiieer 
and Arnold, 
they give off 
finer fibrils, 
ending in the 
nucleus (or 
nucleolus). Ac- - 
cording to 

Eliscber, the 
primitive fibrils 
terminate on the 
surface of the 
nucleus with a 
minute swelling. 
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In many localities there are isolated ganglion cells 
in connection with the intermuscular fibres. 

159. The nerves of blood-vesi«ls are derived 
from the sjimpathetic, and they terminate in arteries 
and veins in essentially the same way aa in non- 
striped muscular tissue, being chiefly present in those 
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Q-atriped muscular 
a-meduilated nerve 
fibres, which accompany capillary vessels — capillary 
arteries and capiOary veins — ^and io some places they 
give off elementary fibrils, which form a network around 
the vessel {Fig. 77). In some localities the vascular 
nerve branches are provided with small groups of 
ganglion cells. 

160. In striped DiDScle of man and mammalB, 
reptiles, and insect^a, the termination of nerve fibres 
takes place, according to the commonly accepted view 
of Kiihue, in the following manner : — A medullated 
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neirve-fibre, generally derived from one that has 
divided, enters at almost a right angle a striped 
muscular fibre, the neurilemma becoming fused with 



the sarcolemma, and the nerre-fibre, either at the 
point of entrance or soon after loses itfi medullary 

sheath, so that only the axis cylinder passes on. 
This latter divides simultaneously into a number of 
smaller fibres, which soon break up into a network of 
fine fibrils, this ultimate network being embedded in a 
more or less granular-looking plate, provided with 
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a number of oblong nuclei (Fig, 78). The whole atruo- 
ture ropresenta the n^rvi endplati. When the muscular 
fibre contmcts, this endplate naturally assumes the 
shape of a prominence — DoySre's nerve-mount Each 
muscular fibre has at least one nerve endplate, but 
occasionally has several in near proximity. An 
endplate is generally supplied by one, sometimes, 
. however, by two, nerve-fibres. The contraction 
wave generally starts from the endplate. In 
IBatrachia the oerve-iibre does not, as a rule, terini- 
nate in the shape of a granular endplate, but 
having penetrated the sarcolenuna ramifies into 
several axis cylinders, each of which again branches ; 
all branches have a more or less longitudinal 
direction, and are provided, either terminally or in 



their course, with oblong nuclei. Amdt has 
shown that both kinds of terminations occur in 
Batraohia. These two sorts of nerve endinjp lie 
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underneath the sarcolemma and on the surface of the 
muscular substance proper. But besides this intra- 
muscular termination, there is a plexus of nerve-fibrea, 
which is situated outside the sarcolemma — i.e., inter- 
muscular ; this 
has been seen by 
BeaJe, Kslliker, 
Krause, and 
others. Amdt 
considers these in- 
" termuscular fibres 
as sensory nerves. 
161. Tendons 
are supplied with 
special nerve end- 
ings, studied by 
Fig. 80.— One ot the BetJculated Endplatea c i, d ii ti 

ol the previoQH fijuTB, more lughly hachs, Kollett, 

magnifl*! Gempt, Rauber, 

a, me meduiiM^ai^nerve "|^|^>. "10 retiouiatfj ^jj^ particularly 

Golgi, whose work " 
on this subjectis very minuta These terminations are 
especially numerous near the muscular insertion. They 




are of the following kinds : — (a) A medullated nerve 
fibre branches repeatedly, and the axis cylinder breaks 
up into a small plate composed of a network of fino 
primitive nerve-fibrils (Fig. 79). (6) This network is 
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occasionally embedded in a granular-looking material, 
and thereby a similar organ as the nerve endplate of 
muscular fibres is produced (Fig. 80). (c) A medul- 
lated nerve-fibre terminates in an end-bulb (Fig. 81), 
similar to those of the conjunctiva, or of a Herbst's 
corpuscle. 



CHAPTER XVI. 

THE SPINAL CORD. 

162. The spinal cord is enveloped in three distinct 
membranes. The outermost one is the dura mater. 
This is composed of more or less distinct lamellae of 
fibrous connective tissue with the flattened connective 
tissue cells and networks of elastic fibres. The outer 
and inner surface of the dura mater is covered with 
a layer of endothelial plates. 

163. Next to the dura mater is the arachnoid 
membrane. This also consists of bundles of fibrous 
connective tissue. The outer surface is smooth and 
covered with an endothelial membrane facing the 
space existing between it and the inner surface of the 
dura mater ; this space is the sub-dural lymph spaca 
The inner surface of the arachnoidea is a fenestrated 
membrane of trabeculse of fibrous connective tissue, 
covered on its free surface — i.e., the one facing the 
sub-arachnoidal lymph space — with an endothelium. 

164. The innermost membrane is the pia mater. 
Its matrix is fibrous connective tissue, and it is lined 
on both surfaces with an endothelial membrane. 
Between the arachnoid and pia mater extends, from 
the fenestrated portion of the former, a spongy plexus 
of trabeculse of fibrous tissue, the surfaces of the 
trabeculse being covered with endothelium. By this 
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spongy tissue — the svh^rouihnoidal tissiLe (Key and 
Retzius) — ^the sub-arachnoidal space is subdivided into 
a labyrinth of lacunae. On each side of the cord, 
between the anterior and posterior nerve roots, 
extends a spongy fibrous tissue, called ligamentvmfi 
denticulatum^ between the arachnoidea and pia. 
By it the sub-arachnoidal space is subdivided into 
an anterior and posterior division. 

165. The sub-dural and sub-arachnoidal spaces do 
not communicate with one another. (Luschka, Key 
and Retzius.) 

The dura mater, as well as the arachnoidea, sends 
prolongations on to the nerve roots; and the sub- 
dural and sub-arachnoidal spaces are continued into 
lymphatics of the peripheral nerves. 

All three membranes contain their own system of 
blood-vessels and nerve-fibres. 

166. The cord itself (Fig. 82) consists of an outer 
or cortical part composed of medullated nerve-fibres ; 
this is the white matter, and an inner core of grey 
matter. On a transverse section through the cord 
the contrast of colour between the white mantle and 
the grey core is very conspicuous. The relation 
between the white and grey matter differs in diffe- 
rent parts ; it gradually increases in favour of the 
former as- we ascend from the lumbar to the upper 
cervical portion. The grey matter presents in every 
transverse section through the cord more or less the 
shape of a capital H; the projections being the 
anterior and posterior horns or comua of grey 
matter, and the transverse stroke being the grey 
commissure. In the centre of this grey commissure 
is a cylindrical canal lined with a layer of columnar 
epithelial cells; this is the central canal/ the part 
of the grey commissure in front of this canal is 
the anterior, the rest the posterior, grey com/misswre. 
The shape of the whole figure of the grey matter 
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differs in the different regions, and this differenoo 
is chiefly brought about by the length and thickaees 
of the grey comiuisBure. In a section through the 
cervical region the gr«y commissurB is thick and 
short; in the dorsal region it becomes thinner and 
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longer ; and in. the lumbar region it ia comparatively 
very thin and long. Besides this, of coui-se the relative 
proportions of grey and 'white matter, aa mentioned 
before, indicate the region from ■which the particular 
part of the cord has been obtained. In the lower 
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cervical and lumbar region where the nerves of the 
brachial and sacral plexus respectively join the cord, 
this latter possesses a swelling, and the grey matter 
is there increased in amount, the swelling being in 
fact due to an accumulation of grey matter, in which 
an additional number of nerve-fibres originates ; but 
the general shape of the grey matter is there retained. 

167. The comua of the grey matter are generally 
thicker near the grey commissure; they become thinned 
out into anterior and posterior edges respectively, 
which are so placed that they point towards the 
antero-lateral and postero-lateral fissures. The an- 
terior horns are generally thicker and shorter than 
the posterior ones, and, therefore, the latter reach 
nearer to the suface than the former. 

168. The white matter is composed chiefly of 
meduUated nerve fibres running a longitudinal coursa 
They are arranged into columns, one anterior^ one 
lateral^ and one posterior column for each lateral 
half of the cord ; the two halves being indicated by 
the anterior and posterior median longitudinal 
fisimre. The anterior median fissure is a real fissure 

extending in a vertical direction from the surface of 
the cord to near the anterior grey commissure. It 
contains a prolongation of the pia mater and in it 
large vascular trunks. The posterior fissure is not 
in reality a space, but is filled up by neuroglia. It 
extends as a continuous mass of neuroglia in a vertical 
direction from the posterior surface of the cord to the 
posterior grey commissure. The exit of the anterior 
or motor nerve roots, and the entrance of the posterior 
or sensitive nerve roots are indicated by the anterior 
lateral and posterior lateral fissures respectively. 
These are not real fissures in the same sense as the 
anterior median fissure, but correspond more to the 
posterior median fissure, being in reality filled up with 
neuroglia tissue, into which extends a continuation 



p. XVIJ 



The Spinal Cord. 



from the pia mater with lat^ Taecolar truiika. The 
white matter between the Eiaterior median and ante- 
rior lateral fieeure is the anterior column, that between 
the anterior lateral and posterior lateral fissure is the 
lateral column, and that between the posterior lateral 
and posterior median fissure is the posterior column. 
169. Besides the septa situated in the two lateral 
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fissures respectively, there are other afrialler septa, 
neuroglia tissue and prolongations of the pia mat«r, 
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which pass in a vertical and radiating direction into 
the white matter of the columns, and they are thus 
subdivided into a number of smaller portions; one 
such big septum is sometimes found corresponding to 
the middle of the circumference of one half of the 
cord. This is the median lateral fissure, and the 
lateral column is subdivided by it into an anterior 
and posterior division. 

Similarly, the anterior and posterior columns 
may be subdivided into a median and lateral division 
(Fig. 83). 

170. Some of these various subdivisions bear 
definite names (Tiirk, Charcot, Flechsig) : — 

(a) The median division of the anterior column is 
caUed the direct or uncrossed pyramidal fasciculus, 
being a continuation of that part of the anterior 
pyramidal tract of the medulla oblongata (see below) 
that does not decussate. 

(5) The anterior division of the lateral column is 
called the anterior radicular zone. 

(c) The direct cerebellar fasciculus corresponds to 
the peripheral portion of the postero-lateral column ; 
it is a direct continuation of the white matter of the 
cerebellum. 

(d) The posterior division of the lateral column 
inside the cerebellar fasciculus is called the fasciculus 
of Tiirk, or the crossed portion of the pyramidal fasci- 
culus, it being a continuation of the decussated part of 
the anterior pyramidal tract of the medulla oblongata. 

(e) The lateral division of the posterior column, 
with the exception of a small peripheral zone, is the 
cuneiform or cuneate fasciculus, or posterior radicular 
zone. 

(/) The median division of the posterior column is 
called the fasciculus of GoU. 

This part is connected directly with the median 
bundle of the posterior nerve roots. {See below.) 
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These Tariona diviBioiis can be traced from the 
medullata oblongata into the ceiricaJ, and a greater 
or Smaller portion of the dorsal part of the cord, but 
farther down most of them are lost as separate tracts, 
except the fasciculus of Tiirk. 

171. The vroDBd sabstancc (Fig. 84) of both 
the white and grey matter — i.«., IJie substance in 
which nerve-fibres, 

nerve cells, and blood- ' 
vessels are embedded — t- 
is a pecaliar kind of con- 
nective tissue, which 
is called by Virohow 
nefu/foglia and by K»l- 
liker supporting tissue. '"'■- 
It consists of three dif- 
ferent kinds of ele- 
ments ; fd^ a homoare- Fig. 81,— From b TtTmBvatm aeotlon 
. ^ ' . ° ■ fimnigh a mott Parfpharsl Fart of 

neOlIB tianspai-ent semi- the mits MRttec of the Cord, 

fluid matrix, which in a. a aieelil teHpbi'nl loikdenntlon of 

hardened sections ap- Df«hi'^uk'''iirrre-nh?^^Bii'wii in 
pears more or leas gran- ife" "clt^ " "=«"« ■ wsen 
ular; (6) a network of 

very delicate fibrils — Vimroglia jibrilg — which are 
sinular in some respects, but not quite identical with 
elastic fibres. 

In the columns of the whitfi matter the fibrils extend 
pre-eminently in a longitudinal direction, in the grey 
matter they extend uniformly in all directions, and in 
the septa between tlie columns they extend chiefly in 
the direction vertical to the long axis of the cord. 

(c) Small branched nucleated cells intimately 
woven into the network of neuroglia fibrils. These 
cells are the neuroglia cells. The greater the amount 
of neurc^lia in a particular part of the white or grey 
matter the more numerous are these three elements. 

172. In both the white and grey matter the 
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neuroglia has a very unequal distribution ; but there 
are certain definite place? in which there is always a 
considerable amount-a condensation, as it were, of 
neuroglia tissue. These places are : underneath the 
pia mater — i.e., on the outer surface of the white 
matter — ^there most of the neuroglia fibrils have a 
horizontal direction ; near the grey matter there is 
a greater amount of neuroglia between the nerve- 
fibres of the white matter than in the middle parts of 
this latter ; in the septa between the columns and 
between the divisions of columns of white matter ; at 
the exit of the anterior and the entrance of the 
posterior nerve roots. 

A considerable accumulation of neuroglia is 
present immediately around the epitheUum lining the 
central canal ; this mass is cylindrical, and is called 
the c&nJi/ral grey nucleus of KdlHker. The epithelial 
cells lining the central canal are conical, their bajses 
facing the canal, their pointed extremity being drawn 
out into a fine filament intimately interwoven with 
the network of neuroglia fibrils. In the embryo and 
young state, the free base of the epithelial cells has a 
bundle of cilia, but in the adult they are lost. 

Another considerable accumulation of neuroglia 
exists in the. posterior portion of the posterior grey 
horns, as the svhstainJtia gelatinosa of Rolando. 

173. Tlie nrliite matter (Fig. 85) is composed, 
besides neuroglia, of medullated nerve-fibres varying 
very much in diameter, and forming the essential and 
chief part of it. They possess an axis cylinder and 
a thick medullary sheath more or less laminated, but 
are devoid of a neurilemma and its nerve corpuscles. 
Of course, no nodes of Ranvier are observable. In 
specimens of white matter of the posterior columns, 
where the nerve-fibres have been isolated by teasing 
or otherwise, many ^e medullated fibres are met 
with which show tibe varicose appearance mentioned 
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in a former chapter. The medullated oerve-fibres, 
or rather the matrix of their medullary sheath, con- 
tains neurokeratin. The nerve-fibres of the -white 
matter run chiefly 
in a longitudinal 
direction, uid they 
are separated from 
one another by the 
neuroglia. Here and 
there in the columns 
of vhite matt«rare 
Been connective tis- 
sue septa -with ves- 
sels, by which the 
nerve - fibres are ss.-From ^ T™«v™e 8<«tion 

grouped more or {hroagb tha -Wlilte Matter o[ tiu Cord. 
less distinctly in showing ^tlalnll^veI»e^J^colIllea■oll»t«anwTe- 
divisioUS. brmndiea neuoeoa celli. (Atlu.) 

174. Although 
most of the nerve-fibres constituting the columns of 
whibe matter are of a longitudinal direction — i.e., 
passing upwards or downwards between the grey 
matter of the cord on the one hand, and the brain and 
medulla oblongata on the other — 4here are nevertheless 
a good many nerve-fibres and groppB of nerve-fibres 
which have an oblique or even horizontal course. 

(1) The anterior median fissure does not reach 
the anterior grey commissure, for between ite bottom 
and the latter there is t/ie w^ife eommigswet. This 
consists of bundles of medullated nerve-fibres passing 
in a horizontal or slightly oblique manner between the 
grey matter of the anterior horn of one side, and the 
anterior white column of the opposite side (Fig. 82,^). 

(2) Numerous medullated fibres are derived from 
the grey matter, and they pass Jn a horizontal or 
oblique direction into the white matter, especially in 
considerable numbers into that of the lateral columns. 
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Haying entered the white matter, they take a longitu- 
dinal direction. Most of these fibres enter the white 
matter in the septa and septula, by which the nerve- 
fibres of the white matter of the columns are sub- 
divided, and having passed in a horizontal direction 
in the septa and septula, some for a shorter, others 
for a longer distance, they enter the columns and 
pursue a longitudinal course. 

175. (3) The medullated nerve-fibres which leave 
the cord by the anterior nerve roots are comparatively 
thick fibres, which pass out of the anterior portion of 
the grey matter o£ the anterior horns in bundles; 
they pass through the white matter in an oblique 
direction by septa, and emerge in the anterior lateral 
fissure above mentioned. 

(4) The medullated nerve-fibres entering the cord 
by the posterior nertfe roots are thinner than those of 
the anterior nerve roots ; they pass into the cord by 
the posterior lateral fissura Having entered, they 
divide into two bundles, one median and another 
lateral The fibres of the former pass in an oblique 
direction into the white matter of the posterior 
columns — ^the cuneiform fasciculus {see above) ; — and, 
having run in these in a longitudinal direction, again 
leave them, 80<mer or later, cmd enter, in a horizontal 
or slightly oblique direction, the grey matter of the 
posterior horns. The fibres of the lateral bundle, 
.on the other hand, pass directly from the posterior 
nerve root into the hindmost portion of the grey 
matter of the posterior horn. The nerve-fibres of 
the posterior roots entering the grey matter divide 
repeatedly, and show very markedly the varicose 
appearance. 

176. The gr^y matter consists, besides the 
uniform network of neuroglia fibres and neuroglia 
cells, of nerv&fibres and of nerve-cells, or ganglion cells. 

The nerve-fibres are of tliree kinds — medullated 
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fibres, simple axis cylinders of various sizes, and primi- 
tive nerve-fibrill». 

The meduMaUd nerve-fibrea run a more or less 
horizontal course, and they belong to different 
sources : — 

(1) Medullated nerve-fibres connected directly — 
t.«., by the axis cylinder process {see below) — with 
gcmglion cells of the anterior horns ; they leave the 
anterior horns by the septa and septula, and thev 
form the anterior nerve roota 

(2) Medullated nerve-fibres which form the cm- 
terior white commissiire ; they are traceable from the 
anterior column of one side into the grey matter of 
the anterior horns of the opposite side, as has been 
mentioned above; some of these, at any rate, are 
distinctly and directly traceable to ganglion cells. 

(3) Medullated nerve-fibres derived indirectly 
from the median btrndle of tlie 'posterior nerve root--- 
i,e., coming out of the cuneiform fasciculus of the 
posterior column and medullated nerve-fibres derived 
directly from the lateral bimdle of the posterior nerve- 
root. Both these kinds of nerve-fibres can be traced 
for longer or shorter distances in the grey matter of 
the posterior horns ; on their way they undergo 
numerous divisions into very fine medullated fibres. 

(4) Medullated nerve-fibres jya^si/ng from the grey 
matter into the white milter of the lateral column. Some 
of these are nerve-fibres that pass simply through the 
grey matter of the anterior horns from an anterior 
nerve root ; others are derived directly from ganglion 
colls forming the columns of Clarke in the dorsal 
region (see below). But the majority are derived from 
that part of the grey matter intermediate between the 
anterior and posterior horn. 

177. The simple aans cylinders are found very 
numerously in the grey matter of all parts ; they are 
of many various sizes, and run in all directions, many 
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of tkem, especially the larger ones, are only the first 
part of the medullated nerve-fibres,^ being the axis 
cylinder process of a ganglion cell, which process, 
after a shorter or longer course in the grey matter, 
becomes ensheathed in a medullary sheath, and re- 
presents one of the above medullated fibres. But 
there are also numerous fine axis cylinders, which are 
the last outrunners of the nerve-fibres entering the 
grey matter by the posterior roots. They are seen 
everywhere, isolated and running in smaller or larger 
hwadles, 

178. The primitive nerve JibrillcB form the greater 
part of the grey matter, in fact the matrix of the 
grey matter of all parts being composed, besides the 
network of neuroglia fibrils, of an exceedingly fine 
and dense network of primitive fibrilloe (Gerlach). 
These are the nervous groundwork into which pass, 
and from which originate, nerve-fibres. The nerve- 
fibres which are derived from the posterior roots 
having entered the grey matter of the posterior 
horn undergo repeated divisions, and ultimately be- 
come connected with this network of primitive 
fibrillse. Numerous nerve-fibres take their origin in 
the network of primitive fibrillse, and leave the grey 
matter as medullated nerve-fibres, which pursue a 
longitudinal course in the anterior and especially in 
the lateral column of the white matter. 

179. The gmiirUoii cells (Fig. 86) of the grey 
matter are of various sizes and shapes, the branched, or 
stellate, or multipolar shape being predominant ; some 
have a more or less spindle-shaped or bipolar body, but 
each extremity may be jichly branched. Each has a 
relatively large nucleus bordered by a membrane, and 
in it is a reticulum with one or two nucleoli The 
largest ganglion cells occur in the anterior horns, 
likewise in the Clarke's column of the dorsal region ; 
the smallest in the posterior horns. The ganglion cells 
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are mttch more numerous in the anterior horn than in 
'the posterior, where they are relatively scarce. 

In the former they are aJl stellate or multipolar, 
and form definite groups : (a) an anterior group, 






Fig. 8&— Ad leobtad Qudlon IMl of the Anterior Horn at tha 
Hnnum Cord. 

(6) a median or inner group, and (<;} a laUral group. 
The cells of the lateral group are the largest, those of 
the inner or median group are the smallest of the 
three. The lateral group of ganglion cells extends in 
the cervical region for a longer or shorter distance 
into the vhite matter of the lateral oolumn. 



Elements of Histology. [chap. xvi. 

180. In tiie doi-sal re^on of the cord there exists 
near the grey oommisanre 
\ ^g_ a special cjrlmdrical group 

k^^" of large multipolar gan- 

glion cells, which form the 
cohiimi qf Lockhart Clarke. 
In the posterior horns 
the ganglion cells are few 
and far between. Most of 
them belong to the portion 
of the posterior horn near 
the posterior commissure. 

The substance of the 
ganglion cells is fibrillated, 
but there exists a granular 
interstitial material, which 
is especially well developed 
near the nucleus. Some- 
times smaller or larger 
masses of yellowish pig- 
ment granules are present 
in this part of the cell 
substance — i.e., near the 
nucleus. 

181. The fibrillatod sub- 
stance of the ganglion cells 
is prolonged on to the pro- 
cesses, l^ere are always 
one or two that are thicker 
than the others. At a 
.. __ li»lin«a MnltipoTfir longer or shorter distance 
i^UtmC^oltiMiOrwiattM from the cell the Ttrocewie* 
TiiB a«iiiiritiaiiiy-brinched iircNiM>-s branch dendriiieolly into 
l'iIw*St'diI'"^ntSti^»'BM"^n& » '^rge number of fibres, 
reoc. ^'L2jh"™Bir^«^t iMnuS" T'hich eventually break up 
into the fine network (^ 
primitive fibrilUe, fonning the nervous groundwork of 
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the grey matter (Fig. 87). The ganglion cells of the 
anterior horn and the cells of Clarke's column have, 
in addition to these branched processes, generally one 
unbranched pale process (occasionally, but rarely, this 
is double), which takes its origin in the cell substance 
with a thin neck. This is the aacM cylinder process of 
Deiters ; it becomes invested sooner or later in a 
medullary sheath, and then represents a medullated 
nerve-fibre, as mentioned on a former page. The 
ganglion cells of the posterior horns have no axis 
cylinder process, all processes being branched and 
connected with the ground nerve network in the same 
way as the branched processes of the ganglion cells of 
the anterior horns. 

Anastomoses between the processes of the ganglion 
cells of the anterior horns have been observed in a 
few instances (Carri^re). 

182. The ganglion cells of the anterior horns and 
those forming Clarke's column — i.e,, the ganglion 
cells with axis cylinder process — are considered as 
motoTf the others as sensory ganglion cells ; that is to 
say, the former are connected with a motor nerve-fibre, 
the latter with a sensory fibre ; but it would be quite 
incorrect to say that all motor fibres are connected 
with the former, all sensory fibres with the latter. 

183. The white and grey matter is supplied with a 
large number of blood-vessels, the capillaries being 
more abundant and forming a more uniform network 
in the grey than in the white matter ; in the latter, 
most of them have a course parallel with the long 
axis. The blood-vessels are ensheathed in lymph 
spaces (pervvasctdar spaces of His), and the ganglion 
cells are each surrounded by a lymph space (peri- 
ceUular space). 
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CHArTER XVIL 

THE MEDULLA OBLONGATA* 

184. As the cervical i^ortion of the cord passes 
into the medulla oblongata, its parts alter position, 
arrangement, and name in the following manner : — 

(a) The anterior median fissure is continued as 
far as the medulla extends. The posterior fissure of 
the cord is also continued on the medulla, but in the 
upper portion is lost, owing to the fact that the 
central canal, which in the cord is situated in about 
the middle, shifts in the medulla towards the posterior 
surface, and soon altogether opens into the fourth 
ventricle. 

185. (b) The tracts of white matter bordering the 
anterior median fissure of the medulla, and separated 
from the other tracts by a distinct fissure on the 
surface, are the pyramidal tracts. As was mentioned 
on a former page, the median portion of the anterior 
columns of white matter of the cord — i.6., the un- 
crossed or direct anterior fasciculus — ^is a direct pro- 
longation of the pyramidal tract, and can be followed 
in this upwards into the pyramids-*..., the oblong 
prominences in the upper part of the medulla next 
to the anterior median fissure — and from there to 
the pons Varolii and farther into the cms cerebri 
A major portion of the pyramidal tract crosses in 
the lower portion of the medulla, in the anterior 
median fissure — this forms the pyramidal decus8a;tion 
(Fig. 88). These crossed bundles enter the postero- 
lateral column of the cord, that part of it which has 
been mentioned above as the fasciculus of Turk. The 
crossed portion of the pyramidal tract passes into 



C1UP.XV1I.] The Medulla Oblongata. 143 

the pyramids and farther on into the pons Varolii and 
crn3 cerebri. 

186. The greater portion of the anterior column 



ongh the Hedolk Oblongsbi In tba 
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of white matter of the cord is situated deeper in the 
medulla than the pyramidal tracts. 

(c) The lateral column of white matter of tlie 
cord can be traced into the medulla as the latwai 
tract. In the npper part of the medulla it becomes 
hidden from view by the olivary bodies and the 
transversely arranged white tract's. The lateral tract 
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of the medulla comprises all parts of the lateral 
column of the cord including that portion which was 
mentioned as the anterior radicular zone and the direct 
cerebellar fasciculus, but not that posterior division 
of it which was mentioned previously as the fasciculus 
of Tiirk, or the crossed pyramidal fasciculus. 

{d) The posterior column of the white matter of the 
cord is continuous with the same column of the medulla. 
That portion of it which lies next to the pflSfcerior 
median fissure, and which is called in the cord the 
fasciculus of GoU, is in the medulla called theyoacici^Zt^ 
(or funiculus) gracilis. In the upper part of the 
medulla, as the central canal opens into the fourth ven- 
tricle, the fasciculus gracilis turns in an oblique manner 
outside, and forms the lateral boundary of the ventricle. 

187. (e) The lateral part of the posterior column of the 
cord, which was mentioned as the fasciculus cuneatus, is 
prolonged into the medulla under the same name. But 
between the two — i.e., the fasciculus gracilis and fasci- 
culus cuneatus — there exists another tract, which is 
called by Schwalbe fwrdcalvs of Rolando. In the 
upper part of the medulla the fasciculus cuneatus 
becomes covered by transverse bundles of medullated 
nerve-fibres; these pass from the anterior median 
fissure across the surface of the pyramids and olivary 
body in a transverse direction towards the posterior 
fissure, but before reaching this take an upward 
direction. These bundles are the external arcuate 
fibres. In the upper part of the medulla the ex- 
ternal arcuate ijbres, part of the funiculus cuneatus 
and funiculus of Rolando, as well as the direct cere- 
bellar fasciculus of the lateral column, all join to form 
a prominent tract of white matter — the corpus resti- 
forme — which enters the white matter of the cerebellar 
hemisphere on the same side ; this is the pedrjurusulus 
cerebelli ad medullam obhngatam, or the lower cere- 
bellar peduncle. 
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188. (/) In the region of the pyramidal decussation 
— i.e., the lower part of the medulla immediately fol- 
lowing the cervical portion of the cord — ^the grey 
matter of the cord is changed in its disposition by 
the fasciculus of Tiirk or the crossed pyramidal 
'fasciculus passing en masse from the lateral column 
of white matter through the anterior horns of the 
grey matter. Hereby the anterior portion of the 
grey matter of the cord is shut off from the rest of 
the grey matter, and is found lying near the surface of 
the lateral column of the lower portion of the medulla 
as the lateral nucleus of grey matter (Fig. 88). The 
main part of the anterior horn, however, is repre- 
sented by the . reticular formation of grey matter. 
This contains in its lateral portion, at any rate, the 
same large multipolar motor ^nglion cells with axis 
cyHnder processes of Deiters and nervous ground- 
network as the anterior horn of the cord ; but in 
addition there are the numerous bundles of medul- 
lated nerve-fibres passing through it in transverse, 
oblique, and longitudinal directions. Some of these 
fibres belong to the continuation of the anterior 
columns of white matter of the cord, others join the 
fasciculus gracilis and cuneatus, and a third Hnd pass 
out from the middle line of the medulla. 

189. iff) The grey matter of the posterior horns of 
the cord undergoes a change t)f disposition when passing 
into the medulla. Its hindmost portion is gradually 
shifted outwards by the development of the reticular 
formation of grey matter, and in about the middle of 
the medulla it is found lying near the surface of the 
lateral column as the tvhercle of Rolando, The rest 
of the posterior horn remains at first collected around 
the central canal; but as this gradually approaches 
the posterior fissure, in order to open as the fourth 
ventricle above, the grey matter gradually expands 
laterally into the funiculus gracilis and cuneatus of 

K 
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the white matter, and forms one distinct accumulation 
of grey matter in each of* these funiculi ; they are 
respectively the rmcleus gracilis and the nucleus 
cuneattis. The former is the grey matter, in the 
axis cylinder process of whose ganglion cells the nerve- 
Bbres of the funiculus gracilis onginate ; but in the 
latter only a portion of the nerve-fibres of the 
funiculus cuneatus take their origin ; since another 
part of it joins the restiform body, and with this 
passes into the cerebellum. 

190. In the upper part of the medulla — i.e., in the 
region of the fourth ventricle — the grey matter forms a 
continuous mass, the^or 0/ the fourth ventricle (Fig. 
89). In this region there i& a distinct median septum, 
by which the medulla is divided inta two halves ; this 
is the raphe. It represents a thin membrane of nerve 
substance extending from the anterior longitudinal 
fissure to near the middle line of the floor of the fourth 
ventricle. This membrane consists of white matter 
in the shape of bundles of meduUated ikerve-fibres 
passing longitudinally, transversely, and obliquely; 
and of small n),asses of grey matter interspersed 
between the i^erve-bundles, and e^ecially at ihe side 
of the raphe, wheve nerve-fibre bundles pass out of 
it. The grey matter contains multipolar ganglion 
cells. 

191. In a tran&v^se section throu^ the upper 
paii) of the meduUa» we find at the side of the 
pyramid, and a little behind it, but covered on the 
outer surface by white^ matter — t^e., the bundles of 
nerve-fibres constitutii^g the fibres are%wit8e extemse — 
a plicated lamina of grey matter which constitutes the 
olivary nuele^is, or nucleus dentatuA of the olivary 
body. It extends with its posterior portion into the 
reticular formation. Conliinuous with the olivary 
nucleus, but situated nearer the raphe, is a small 
lamina of similar grey matter ; this is the accessory 
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olivary nucleus. In both nuclei are found numerous 
multipolar ganglion cells, each with an axis cylinder 
process. 

192. The iprey matter at the floor of the 
fbvrtli irentrlcle is that from which the nerve roots 
of the cerebral nerves (facial auditory, glossopharyn- 
geal, pneumogastric, accessory, and hypoglossal) origi- 
nate. The ganglion cells in it are of various sizes, 
and are aggregated into groups which represent the 
"wttc^i" — 1.6., the origin of the above nerves. The 
thin layer of grey matter forming the floor of the 
ventricle, in the strict sense, is neuroglia only, a con- 
tinuation of the central grey nucleus of the cord. 

The nerve cells in the hypoglossal nucleus are 
the largest ; they are as large as the large cells 
of the anterior horns of the cord. The cells of 
the glossopharyngeal nerves are considerably smaller. 
The motor nerve-fibres (c^r., those of the hypoglossal 
and pnoumogastric) originate, as the axis cylinder 
process of the multipolar ganglion cells, in exactly 
the same manner as was mentioned in the cord, 
but the sensory nerve- fibres of these nerves originate 
from the nerve ground network, into which the 
processes of the ganglion cells of these nuclei break up. 

193. In the lower part of the medulla, as long as 
there is still a closed central canal, we find next to 
this the last outrunners of the groups of ganglion 
cells representing the nucleus of the spinal accessory 
and hypoglossal 

As we pass upwards, and as the central canal 
opens as the fourth ventricle, the groups of ganglion 
cells below the floor of the ventricle are so arranged 
that we find near the median line the group repre- 
senting the hypoglossal nucleus; then, farther out- 
wards, several groups representing several sub-divisions 
of the pneumogastric nucleus ; still farther upwards, 
but more in the anterior part of the medulla, the nucleus 
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of the glossopharyngeal nerve ; and, lastly, but more 
outwards and upwai^ds, several divisions of the nucleus 
of the auditory nerve. The nerve-fibres, originating 
in these nuclei, pass in bundles through the substance 
of the medulla oblongata, so as to appear on the 
antero-lateral surface. Of course these nerves, the 
nuclei of which are situated nearer to the middle line — 
e»g,y the hypoglossal and spinal accessory — ^have to pass 
through the reticular formation, whereas those whose 
nuclei are situated more laterally pass only through 
the lateral part of the medulla. 



CHAPTER XVin. - 

THE CEBEBRUM AND CEREBELLUM. 

194. The structure of the dura mater, arachnoidea, 
and pia mater of the brain is similar to that of the 
same membranes of the cord. 

• As has been shown by Boehm, Key and Hetzius, 
and others, the deeper part of the dura contains peculiar 
ampullated dilatations connected with the capillary 
blood-vessels, and representing in fact the roots of the 
veins. 

The glandulm Pcuschioniy or arachnoidal villi of 
Luschka, are composed of a spongy connective tissue, 
prolonged from the subarachnoidal tissue and covered 
with the arachnoidal membrane. These prolongations 
are pear-shaped or spindle-shaped, with a thin stalk. 
They are pushed through holes of the inner part of 
the dura mater into the venous sinuses of this latter, 
but are covered with endothelium. Injection matter 
passes from the sub-arachnoidal spaces through these 
stalks into the villi The spaces of their spongy 
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Bubsttmce become thereby filled and enlarged, and 
finally the injection matter enters the venous sinus 
itself. The pia cerebralis is very rich in blood-vessels, 
like that of the cord, which pass to and from the 
brain substance. The capillaries of the pia mater 
possess an outer endothelial sheath. The plexus 
choroideus is covered with a layer of polyhedral 
epithelial cells, which are ciliated in the embryo and 
young. 

195. As was mentioned of the coi*d, so also in the 
brain the sub-dural lymph space does not communicate 
with the sub-arachnoidal spaces or with the ventri- 
cles (Luschka, Key and Retzius). Nor is there a 
communication between the sub-arachnoidal space and 
the epicerebral space — i.e., a space described by His to 
exist between pia mater and brain surface, but doubted 
by others. The relations between the cerebral nerves 
and the membranes of the brain, and the lymph- 
spaces of both, are the same as those described of 
the cord and the spinal nerves on a previous page. 

196. The pia mater passes with the larger blood- 
vessels into the brain substance by the sulci of the 
cerebrum and cerebellum. 

In the white and grey matter of the brain we 
find the same kind of supporting tissue that we 
described in the cord as neuroglia. It is also in 
the brain composed of a homogeneous mo^rta;, of a 
network of neu/roglia fibrils^ and of branched, flat- 
tened neuroglia cells, called Deiters^ cells. 

In the white matter of the brain the neuroglia 
contains between the bundles of the nerve-fibres I'ows 
of small nucleated cells ; these form special accumula- 
tions in the bulbi olfactorii, and in the cerebellum. 
Lymph corpuscles may be met with in the neuroglia, 
especially around the blood-vessels and ganglion cells. 

All the ventricles, including the aqueductus Sylvii, 
are lined with a layer of neuroglia, being a direct 
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continuation of the one lining the fourth ventricle, 
and this again being a direct continuation of the 
central grey nucleus of the cord. Like the central 
canal of the cord, also, the ventiicles are lined with a 
layer of ciliated columnar, or short xsolumnaa: epithelial 
cell& 

197. The blood-vessels form a denser capillaiy 
network in the grey than in the white matter ; in the 
latter the network is pre-eminently of a longitudinal 
arraDgement, t.6.) parallel to the long axis of the 
bundles of the nerve-fibres. In the grey cortex of 
the hemispheres of the cerebrum and cerebellum, many 
of the capillary blood-vessels have an arrangement 
vertical to the surface^ but are connected with one 
another by numerous trausverse branches. 

The blood-vessels of the brain are situated in 
spaces, p&rwaBCfvtla/r lymphrspctcea, traversed by fibres 
passing between the adventitia of the vessels, and 
the neuroglia forming the boundary of the spaca 
There are no real lymphatic vessels in the grey or 
white substanca 

198. The nvhite matter consists of medullated 
nerve-fibres, which- like those of the cord possess no 
neurilemma or nuclei of nerve corpuscles, and no 
constrictions of Ranvier. The nerve-fibres are of 
very various sizes, according to the locality. Divisions 
occur very often. When isolated they show the 
varicosities mentioned in the cord. 

The grey matter consists, like that of the cord 
and medulla, besides the neuroglia, of a very fine net- 
work of elementary nerve-fibrils (Rindfleisch, Gerlach), 
into which pass, on the one hand, nerve-fibres, and, 
on the other, the branched processes of ganglion cells. 

With regard to the structure of the ganglion cells 
of the brain and medulla, what has been mentioned 
of the ganglion cells of the cord holds good as to 
them. Like the former, those of the medulla and 
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brain are situated in lymph spaces or the pericellalar 
spaces (Obersteiner). 

199. We now follow the above description of 
the structure of the medulla with that of the cere- 
bellum and pons YaroliL 

I. The cerebellum is composed of laminie^ 
folds, or convolutions, composed of secondary folds, 
each of which consists of a central tract of white 
matter covered with grey matter. The tracts of white 
matter of neighbouring convolutions of one lobe or 
division join, and thus form the principal tracts of 
white matter. 

The white matter of the cerebellar hemisphere is 
coimected (a) with the medulla oblongata by the 
corpus restiforme, this forming the inferior peduncle 
of the cerebellum; (6) with the cerebrum by the 
pedunculuB cerebelli ad cerebrum, this forming the 
superior pedunculus ; and (o) with the other oerebellar 
hemisphere by the commissure passing through the 
pons Varolii; this is the pedunculus cerebelli ad 
pontem, or the middle pedunculus. 

200. On a vertical section, through a lamina of the 
cerebellum (Fig. 90), the following layers are seen : (a) 
the pia mater covering the general surface, and pene- 
trating with the larger blood-vessels into the peripheral 
substance of the lamina ; (6) a thick layer of cortical 
grey matter; (c) the layer of Purkinje's ganglion 
cells ; (d) the nuclear layer^ and (e) the central white 
matter. 

201. The layer of ganglion cells of Purkinje is the 
most interesting layer ; it consists of a single row of 
large multipolar ganglion cells^ each with a large 
vesicular nucleus. Each possesses also a thin axis 
cylinder process, dii'ected towards the depth, the 
cell sending out in the opposite direction — i.e., towards 
the surface — a thick process which soon branches 
like the antlers of a deer, the processes being all very 
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long-branched and pursuing a vertical course towards 
the surface ; sooner or later they all break up into the 
fine' nerve-ground network of the. grey cortex. The 
longest processes reach near to the surface. The 
layer (6) above mentioned — ^i.e., the cortical grey 
matter — is in reality the terminal nerve network for 
the branched processes of the ganglion cells of 
Furkinja Sankey maintains that in the human cere- 
bellum there are also other smaller multipolar gang- 
lion cells connected with the processes of the cells of 
Purkinje. 

202. The nuclear layer contains a large number of 
spherical or slightly oval relatively small nuclei em- 
bedded in a network of fine fibrils, the nature of 
which is not definitely ascertained — *.«.) whether it 
consists of neuroglia only, or whether it contains, 
in addition, also a net-^ork of nerve fibrils. The latter 
is exceedingly probabla The nuclei are nuclei of 
neuroglia cells, of lymph corpuscles and of small gang* 
lion cells. 

The axis cylinder process of the ganglion cell of 
Purkinje passes through the nuclear layer, and be- 
coming invested with a medullary sheath, enters as 
a medullated nerve-fibre the central white matter. 
There are, however, medullated nerve- fibres of the 
central white matter, which are not connected with an 
axis cylinder process of a Purkinje's cell, but enter 
the nuclear layer and probably terminate there in the 
nerve network, or pass through it and terminate in the 
nerve network of the grey matter of the cortex. 

203. 11. The pons Tarolii (Fig. 91) is a pro- 
longation partly of the medulla and partly of the 
cerebellum. Of the latter only white matter passes 
transversely into the anterior portion of the pons, 
and forms there the transverse bundle of nerve-fibreSy 
which give to the pons the horizontal striation. 

As we pass upwards — i.e., farther away from the 
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medulla, this part of the pons — %.e., that compoaed of 
horizontal fibrea — increases In thickness. 

204. Of the medulla there is. a greater portion 
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continued into tbe pons than of the cerebellum. 
(1) There are the pyramidal tracts ; they do not lie on 
the surface as in the medulla, but are hidden by some 
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— the most anterior bundles — of the transverse fibres. 
The bundles of the pyramidal tract pass as longitudinal 
fibres merely through the anterior half of the pons, 
and enter the crura cerebri where they form the 
crusta. (2) The raphe. (3) The reticular formation ; 
but this is limited te the posterior part. Small masses 
of grey matter and ganglion cells are scattered every- 
where between the transverse bundles of the nerve- 
fibres of this formation. (4) The grey matter at the 
floor of the fourth ventricle. This grey matter con- 
tains also on the posterior, surface of the pons groups 
of multipolar gangUpn cells. 

Near the middle line there is a group of large 
multipolar gangUon celK each with an axis cylinder 
process. This is the nucleus for the sirth nerve, and 
of part of the seventh, the former lying more median 
than the latter. There is another nucleus 6f the 
seventh situated more deeply— i.6., in the reticular 
formation. More outwards we meet with the superior 
nucleus of one of the roots of the auditery nerve. 
Farther upwards we meet with the nucleus of the 
meter roots of the fifth. 

(5) In the lower part of the pons there exists also 
a continuation of the grey matter of the corpus den- 
tatum of the olivary body. 

205. The pons is connected with the cerebrum by 
the crusta of the cms cerebri, which, as mentioned 
above, are bundles of medullated nerve-fibres pa^ssing 
merely through the pons but being continuatiom. of 
the anterior pyramidal tracts of the medulla. 

206. III. The bemispheres of the cere- 
bnuii. — On a vertical section each convcdution shows 
a vshJUe centre and a grey cortex. The former is com- 
posed of medullated nerve-fibres. The white matter 
of the convolutions of the cerebral hemispheres is ar- 
ranged as (a) the centrum ovcUe — i,e., the central mass 
of white matter from which the lamina of white matter 
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t<st each convolirtion 
brancfaett off,- and, (6), 
the commtsBUre of white 
matter between th« two 
hemiaph^rea, *.«., the 
corpu» eaUoeum Mtd 
ontertor commiMure. 
The oentraia ovale again 
conBiBts of ir&cta of 
medallated nerre-Sbre, 
which connect (a) the 
convolutions of the same 
hemisphere with one 
anotlier, and (6) snch as 
pass betwe^i the con- 
voiations on the one 
hand, and the thalamus 
opticas, the pons, and 
meilulla on the other. 
These tracts pass by the 
internal capsule (see 
below) to the thalamiu 
opticas, and to the cruB 
cerebri. 

The grey cortex con- 
sists, according to Mey- 
nert, of the following 
Uyers(B%. 92);— (1) a 
saperficial layer of grey 
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matter (nearoglia and nerve ground network), with 

few and small ganglion oella 
(2) A layer of small more or 
less pyramidal ganglion eells 
densely aggregated. (3) The 
formation of the cornu Am- 
monis. This is the principal 
or broadest stratum of the 
cortex ; it is composed of 
several layers of large, pyra- 
midal ganglion cells, increaft- 
ing in size as a deeper layer 
is reached. 

The pyramidal cells of 
this third and of the previous 
second stratum consist of a 
pyramidal body including an 
oval vesicular nucleus (Fig. 
93). From the body pass out 
the following principal pro- 
cesses S-- (a)tiieprocessof the 
apex, directed towards the 
surface of the convolution; 
it can be traced for 
a longer or shorter 
distance. (6) The 
lateral basilar pro- 
cesses, and finally 
the median basilar 
process. This latter 
is fine, i^emains un- 
branched, and is an 

Pte. 83.— A large Pyramidal Chmglion a^ifl Cylinder prOCOSS^ 

gj^^t^ Q»y Cortex of the Human ^g,^ becoming in- 
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work. The median prooess of the base of the iary SUeatU IS a nerv©- 
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an axis cylinder of a nerve-flbre. (Mlas.) UOre 01 TJUO CeULrai 
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white matter. The other processes, sooner or later in 
their course, branch and break up finally into the 
nerve ground network of the grey inatter. (4) A thin 
stratum of small irregular branched ganglion cells, the 
granuUiT formaXwn of Meynert. (5) A last stratum 
of spindle-shaped and branched ganglion cells, ex- 
tending parallel to the surfaca 

207. According to Meynert, the grey cortex of the 
posterior portion of the occipital lobe about the sulcus 
hippocampi consists of eight layers, the granular for- 
mation being the principal one. In the grey cortex of 
the comu Amtmonis^ on the othw hand, the third 
layer is the principal layer, the fourth being wanting. 
In the claustrum (part of the wall of the fossa Sylvii), 
the spindle-shaped cells of the fouvih layer form tiie 
principal stratunik 

208. The biilbns olfa^torius contains in most 
mammals^ but not in man, a small central cavity 
lined with columnar ciHated epithelial cells. The sub- 
stance of the bulb around this cavity consists of an 
upper part, which is white matter, and is a continua- 
tion of the tractus oHactoriua The lower part is 
grey matter, and contains the following layers, count- 
ing from below upwardst: (1) a layer of non->medul- 
lated n^rve-fibres, each with a x^urilemma ; this layer 
forms farther on the olfactory nerve going to the 
olfactory organ ; (2) the stratum glomerulosum, com- 
posed of a number of glomeruli or convolutions, 
each of which consists of an olfactovy nervorfibre^ and 
in addition to it numerous small neuroglia cells ; (3) 
stratum gelatinosum of Lockhart Clarke, composed 
of a fine nerve network, and embedded in it multi- 
polar ganglion ceUs ; (4) a last and thickest layer of 
nuclei ^ibedded in a network of fibrils, and similar in 
structure with the '^nuclear layer." 

209. lY. The mesencephaloik — The fourth 
ventricle above the upper part of the pons Varolii 
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<!lo8es again into a small canal — the aquBdudfnxM 
Sylvii — which having passed in front out of the region 
of the corpora quadrigemina opens out again as the 
third ventricle. The parts around the aqueduetus 
Sylvii represent the mesencephalon (Fig. 91), developed 
from the middle brain vesicle in the embryo. They 
include the wall of the aqueduetus Sylvii, the corpora 
quadrigemina, and the crura c^rebrL 

The aqtiedttetus Sylvii is lined with epithelium 
and a layer of neuroglia continued from the fourth 
ventricle. The raphe of the medulla and of the pons 
are continued into the lower wall of the aqueduetus. 
The lining layer of neuroglia is on its frontal aspect 
surrounded by a layer of grey substance continued 
from the grey sulbstanoe of the floor of the fourth 
ventricle. It contains in a nerve network numerous 
multipolar ganglion cells grouped into nerve nuclei, 
connected with the third, fourth, and part of the fifth 
pair of nerves. In front of this layer is one of con- 
siderable thickness representing the tegmentum, which 
is the dorsal or posterior ^rtion of the cms cerebri. 

210. The corpora qnadrifr^mii^a* — Bach of 
the two inferior prominences consists of a superficial 
layer of white matter, and a deep grey portion, con^ 
taining multipolar ganglion cells of various sizes 
embedded in a fine nerve network. Between this and 
the grey substance of the wall of the aqueduetus Sylvii 
are tracts of white matter, forming part of the JiUet 
In each of the two superior prominences there is also 
a superficial layer of white matter, beneath which 
is a layer of grey matter (stratum cinereum) ; under- 
neath this is the main portion — ^the strcUiMn opticv/m — 
consisting of longitudinal tracts of nerve-fibres, be- 
tween which are small masses of grey silbstanoe. 
Between this stratum opticum and the grey matter 
forming the wall of the aqueduetus Sylvii is a layer 
of white matter, part of iheJiUei. 
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211. The cms cerebri of each side consists of an 
anterior, middle, and posterior portion. The anterior 
or ventral portion is the crusta, or pes ; the 
posterior or dorsal portion is the tegmentum. Be- 
tween the two is the substantia nigra. The cmsta is 
composed of longitudinal tracts of medullated nerve- 
fibres passing from the margin of the pons Varolii 
to the internal capsule of the thalamencephalon, and 
farther into the white matter of the hemisphere. 

212. The teg^meiitain has been mentioned above 
as being situated in front of the grey matter forming 
the anterior wall of the aqueductus Sylvii. Tlie 
tegmentum is a prolongation of the reticular formation 
of the pons Varolii and medulla (see above), i.6., small 
masses of grey substance separated by tracts of nerve- 
fibres, most of which run in a longitudinal or transverse 
direction. The longitudinal bundles include a con- 
tinuation of the white matter of the cerebellum, 
mentioned in a previous page as the superior 
peduncle of the cerebellum, or the pedunculus cere- 
belli ad cerebrum. These undergo total decussation in 
the upper part of the mesencephalon, and ultimately 
enter the thalamus opticus. 

213. The substaintia nigra is grey matter 
situated between the two above ; it has received its 
name from the numerous dark pigment granules 
lodged in the substance of its ganglion cells. These 
are small and multipolar. 

214. V. The tlialainenceplialon and corpus 
striatimi. — ^The former comprises the parts of the 
brain situated round the third ventricle, the most im- 
portant being the thalamus opticus, the pineal gland, 
the corpora albicantia, the infundibulum and tuber 
dnereum, and the hypophysis cerebri. The corpus 
striatwrn is the ganglion of the cerebral hemisphere, 
with which it originates from the same part — i,e., the 
frontal part of the first cerebral vesicle of the embryo. 
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215. The ttaalamas opticus consists of a super- 
ficial layer of white, and a centre of grey matter. 
In this numerous multipolar ganglion cells are noticed. 
The white matter in the outer portion is very con- 
siderable, and of great importance from its connec- 
tions. From it radiate tracts of meduUated nerve- 
fibres, which join the tracts of the internal capsule on 
their way to and from the different parts of the 
cerebral hemisphere. 

The superior pedunculus cerebelli, after its 
decussation with that of the opposite side, passes 
into the white matter of the thalamus. The trao- 
tus opticus is connected with the outer white matter 
of the posterior portion of the thalamus — tLe., the 
ptdvinar. 

216. The corpus striatum, as stated before, 
is considered as the ganglion of the cerebral hemi- 
sphere. It consists of the micleus caudaiua and the 
nucleu8 lenticulcMTis, The former projects into the 
lateral ventricle, the latter is the outer portion of 
the corpus striatum. The nucleus lenticularis is 
separated from the nucleus caudatus and from the 
anterior portion of the thalamus opticus by tracts of 
medullated nerve-fibres, known as the internal capsule. 
On the outer surface of the nucleus lenticularis is a 
thin lamina of white matter which is the external 
capsule. This is separated from the white matter 
of the cerebral convolutions at this part — i.e., the 
island of Reil — ^by a thin lamina of grey matter, called 
the clausin^mH The nucleus caudatus and lenti- 
cukris consist of grey matter with larger and smaller 
groups of multipolar ganglion cells, permeated by 
tracts of medullated nerve-fibres, which originate in 
the grey matter. These tracts of white matter pass 
transversely and obliquely into the internal capsule, 
and are to be traced on the one hand to the white 
matter of the convolutions of the cerebral hemisphere. 
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"which is, however, doubted by many observers, and 
on the other into the crusta of the cms cerebri. 

217. The internal i^apsule is one of the most 
important masses of white matter; it contains the 
tracts of meduUated nerve-fibres which pass between 
the white matter of the cerebral hemisphere and the 
cms cerebri— t.e., the corona radiata of Reil ; further, 
it contains tracts of meduUated nerve-fibres passing 
between the thalamus opticus and the white matter 
of the cerebral hemispheres ; and, finally, it contains 
tracte of nerv^fibres paaang between the corpus 
striatum and the cms cerebri. 

218. The pineal gland, or conarium, and the 
anterior lobe of the hypophisis cerebri, are epithelial 
in structure and origin, and will be described in a 
future chapter. The pineal gland contains a large 
amoxmt of calcareous matter — ^brainsand. 

The corpora Micantia are masses of white 
matter — i.e., meduUated nerve-fibres; each corpus 
albicans includes a centre of grey substance. 

The inftmdibuhim and tvher cmereum at the floor 
of the third ventricle are composed of grey matter ; 
the latter extends between the corpora albicantia 
to the optic commissure, whUe the former is connected 
with the posterior or minor lobe of the hypophisis. 



CHAPTER XIX. 

THE CEREBRO-SPINAL GANGLIA. 

219. The ganglia connected with the posterior 
roots of the spinal nerves, and with some of the 
roots of the cerebral nerves — e.g,, Gasserian, otic, 
geniculate, cUiary, Meckel's ganglion, the gangUa of 
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the branches of the aoovustic uerve, the submaxillar; 
ganglion, iK. — possess a capsule of fibrous connective 
tisBUB continuous with the epineurium of the afferent 
and efferent nerve trunks. The interior of the ganglion 
is subdivided into smaller or lai^r divisions, contain- 
ing nerve bundles with their perineurium, or larger 
and smaller groups of ganglion 
cells. In the spinal ganglia 
these latter are generally dis- 
posed about the cortical part, 
whereas the centre of the 
ganglia is chiefly occupied by 
bundles of nerve-fibres. 

320. The ganglion cells differ 
very greatly in size, some being 
as big, and bigger, than a large 
multipolar ganglion cell of the 
anterior horn of the cord, others 
much smaller. Each cell has 
a large oval nucleos, Including 
a network, with one or two 
lai^ nucleoli Its substance 
shows a distinct fibrillation. 
£ach cell of the ganglia in man 
and mammals is v/nipolar (^ig- 
94), flask or pear-shaped, and 
invested in a hyaline capmU, 
lined with a more or less con- 
tinuous layer of nucleated endo- 
pjk. N.-A urpi uh) muiL thelial celt-plates. The single 
uS^^ri'"fih=^*£S,^ process of the ganglion cell is 
Tfcj^Kdiwtojj^jfti^iejrtDj finely and longitudinally stri- 
KSd^S^iS^SaSi **«*. and is an axis cylinder 
B^JdH.ffiSS'™* ""^ process. Immediately after 
leaving the cell body it is much 
convoluted (Eetzius) ; then it gets invested in a 
medullary sheaUi — i.e.,_ it becomes a medullatod nerve- 
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fibre. The capsule of the ganglion cell is continued 
on the axis cylinder process, and, farther on, on the 
medullated nerve-fibre, aa the neurilemma ; while the 
endothelial platea of the capsule pass into the nerve 
corpuscles li T"""g the neurilemma, their 
number greatly diminishing (Fig. 95). 

221, In the rabbit this medullated 
nerve-fibre at its first node of Banvier, 
-which is not at a great distance from 
the ganglion cell, divides into two me- 
dullated nerve-fibres in the shape of a 
T ; one branch is supposed by Ranvier 
to pass to the cord, the other to the 
periphery. In man, this T-shaped 
division has also been observed by 
B«tzius, but it cannot be said with 
ceitainty that iu rabbit or man 
every axis cylinder process shows this 
T-shaped division. Betzins observed 
this T-shaped division also in the 
Gasserian, geniculate, and vagus gan- 
glia in man. 

The ganglion cells are not unipolar 
in all cerebral ganglia ; in the ciliary 
and otic ganglia there are a good many 
ganglion ceUa which are multipolar. ^^ jb—ah ikw 

222. Numerous ganglia of micro- cSi*D(^fSi'S3 
Bcopic sizes are to be found in the i^S*"'"' "' 
Bul>'maxillary (salivary) gland; they ib, uu numn 
are of difierent sizes, and are in ^^^ '^'" "• 
reality ganglionic enlargements of JJ^^IKSI 
larger or smaller nerve-bundlea. Each JgSJlJ' S* j£ 
ganglion is invested in connective ™£ffiii"™ 
tissue continuous with the perineu- 
rium, and the ganglion cells are unipolar, and of the 
same nature as those described above, each being 
posaesaed of an axis cylinder process, which becomes 
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BOOH conaected with a nerve-fibre. At ilie back 
of the tongue there are similar araall microscopic 
ganglia. 



CHAPTER XX. 

TBE 8IHPATHETIC BYSTEH. 



233. TaB sympathetic nerve-brandies are of exactly 
the same nature in their connective tissue investments 
(epi- peri- and endo-neurium), and in the arrangement 



Fig. 96.— 8;mp>thatla Nerree. 

of the fibres in bundles (Fig. 96, a), aa the cerebro- 
spinal nerves. Most of the nerve-fibres in the bundles 
are non-medullated or Itemak's fibres (Fig. 96, b), each 
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being ao axis cylinder invested in a neurilemma, with 
oblong nuclei indicative of nerve corpuscles. But there 
are some medullated nerve-fibres to be met with in 



Fig. 87.— A gioup ot QKoMott CeUa interposed tn % trnndle of Sjnpa. 
Oiatis Stana^itm ; from tbs Bladder of * Babbit. (Butdbook.) 

each bundle, at least, of the larger nerve-trunis. 
These in some cases show the medullary sheath more 
or less discontinuous, and with a Taricose outlino 



fit, W.— A Riu]I ooDaation ot Gangtlon Cells tlmg K mull BnncUa of 

Bjmpatlutla Harre-abna in tbe Bladder of the BabUt. 

Bull Statlion cell POBHHH ■ cnpanlt. Tlie HnbatBu^re of tbe nnvllou cell !■ 

prel«iffe<lMCbeuUcTllD<l«Toran?rT«.|lbre. CAiUaj 

(Fig, 96, c), owing to a uniform local accumulation of 
fluid between it and the axis cylinder. The small or 
microscopic bundles of nerve-fibres ha.ve an endothelial 



(perineural) sbeath. The small &nd i&tgs branches 
form always rie/i pUxuaea. 

224, In connection with the mAcix>scopic and 
microEMXipic Bjm pathetic nerve-branchea, are gang- 
lionic enlargements. They occur in some organs very 
numerously — e.g., alimentary canal, urinai^ bladder 
. (Fig. 97 and Fig. 
. 98), respiratory or- 
gans — and are of 
all sizes, from a 
few ganglion cells 
placed between, or 
laterally to, the 
nerve-fibres of a 
small bundle, to 
huge oval, spheri- 
cal, or irregularly- 



in the course of a 
lai^e nerve-bundle, 
or situated at the 
point of anastomo- 
sis of two or more 
nerve-branches. 

The ganglion 
cells (Fig. 99) are 
of very different 
sizes, each possess- 
ing a large oval or 
spherical nucleus 

Fig. ».— Sj-mpBtbotJoOMigllonCaUolMan. "''''^ *"'^ °'' *"** 

TbaK>iigiiDnGi^iiiBmiiiiiiK>i>r;»sbi>ro«wt«' nucleoli. Their 
«i'iwo™°/a"«nSJ.mediuuiSne"?Bbre!' "^ shape is Spherical 
or oval, flask- 
shaped, club-shaped, or pear-shaped; they possess 
either one, two, or more processes, being nni-, bi-. 



\ 
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or multi-polar. The cell b invested in a capsule lined 
with nucleated cells, both being continued on the pro- 
cesses as neurOemiDa and nerve corpuscles respectively. 

The processes of the ganglion cells are all axii 
cylinder processes, and invested in the neurilemma, 
thus representing non-medul- 
lated nerve-fibrea They do not 
become as a rule medullated. 

225. In the frog (Beale, 
Arnold) and also in some few I 

instances in l^e mammal, the ' 

sympathetic ganglion cell gives 
off one straight axie cylinder 
proeesa, into which the sub- 
stance of the ganglion cell is 
prolonged. This is entwined 
by a thin spiral JU^-e (Fig. 1 00), 
taking its origin by two or 
more rootlete from the ganglion 
cell substance, and circling 
round the (thicker) straight 
axis cylinder process. A single 
neurilemma ensheathea them 
both. Soon the spiral fibre 
leaves the axis cylinder process, 
becoming invested with a 
meduUaiy sheath and its own 
neurilemma, thus forming a 
medullated fibre, whereas the 

straight axis cyUnder continues 14,. iqj.-a Smj*thBtio 
its course as a non-medullated Ganglion cell of tia Frog, 
nerve-fibre (Key and Retzius). ^^^the e^S fl^ei 

236. The ganglia m conneo- "■» '!S*J,i?™",? * •"% 
tion with the plexuses of nerve SetzJns.} 
branches of the heart, the 

ganglia in the plexus of non-medullated nerve-fibres 
existing between the longitudinal and circular coat 
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of the external muscular coat in the alimentary canal, 
known as the plexus myentericus of Auerbach, the 
ganglia in the plexus of nerve branches of the sub- 




Fig. 101.— Plexus of fine Sympathetic Nerve-fibres, with Qanglionio 
Enlargements in the Kodal Points. From the Plexus of Meissoer 
in the Submucous Tissue of the Intestine. 

a. Fine nerve-fibres ; &, groups of ganglion cells interposed between the 

nerve-fibres. 



mucous tissue in the alimentary canal, and known as 
Meissner's plexus (Fig. 101), the ganglia in the plexuses 
of nerve branches in the outer waH of the bladder, in 
the brondiial wall, in the trachea, the ganglia in con- 
nection with the nerves supplying the ciliary muscle 
6f the eye, &c., belong to the sympathetic system. 



CHAPTER XXL 



227. A nuiutr tooth, adult and milk-tooth, conauts 
(Fig. 102).of (a) the enanwi covering the crown, (i) the 
dentine forming the real 

matrix of the whole 
tooth, oad surrounding 
the pulp cavity both of 
the crovn and fangs, 
and (e) the cement, or 
crusta petrosa, or sub- 
stantia osteoidea. This 
cement covers the outside 
of the dentine of the 
fang or fangs, in the 
same way as the enamel 
covers the dentine of the 
crown. The crusta pe- 
trosa is covered on ita 
outside by a dense fibrous 
tissue acting as a perios- 
teum to it^ and is fixed 
by it to the inner surface 
of the bone forming the 
wall of the alveolar 
cavity. 

228. The enamel 
(Fig. 103) consists of 
thin microscopic pris- 
matic elements, the 

etiainsl prisma placed __ 

closely, and extending in "^^^^ki^^.'^^j"' 



PiB. loa 
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a Terticftl dirootaon from the surface to the dentine. 
When viewed in transyerse section, the enamel prisma 
appear of an hex^onal outline, and separated by a very 
fine interstitial cement aubsttmux. The outline of the 
enamel prisma is not straight, but wavy, so that the 
prisms appear varicose. TTie prisms are a^pvgated 
into bundles, which are not quite parallel, but more 
OP less slightly cover one another. On a longitudinal 
section through a tooth, the appearance of alternate 



Fig. 103.-~£iiiiidel Prinu. 

A,InlODgttDAllUllleWiB.lDCrMII«Ul)ll. (XdllikPT,) 

light and dark stripes in the enamel is thus produced. 
Besides this there are seen in the enamel dark hori- 
zontal curved lines, the brown parallel stripea of 
Retzius, probably due to inequalities in the density of 
the enamel prisma produced by the auoceaaive forma- 
tion of layers of the enameL The enamel consists 
chiefly of lime-salts : phosphate, carbonate, and fluorate 

In young teeth the free surface of the enamel 
is covered with a delicate cuticle (the cuticle of 
Nasmyth), being a single layer of non-nucleated 
scales. In adult teeth this cuticle is wanting, hav- 
ing been rubbed ofi! 

229. The dentine ifi the essential part of the hard 



substances of the tooth. It forma a complete invest- 
tuent of the pulp cavity of the crown and faug, being 
slightly thicker in the 
former than in the latter 
r^on. The dentine ie 
composed of (Fig. 104) : 

(1) a homogeneous ma- 
irve; this is a reticular 
tissue of fine fibrils im- 
pr^nated with lime- 
salts, and thus resem- 
bles the matrix of bone ; 

(2) long fine canals, the 
dentinal canals or tubes 
passing in a more or le«B 
spiral manner, and ver- 
tically from the inner 
to the outer surface of 
the dentine. These tubes 
are branched ; they open 
in the pulp cavi^ with 
their broadest part, and 
become finer as they 
approach the outer sur- 
face of the dentine. 
Each canal is lined with 
a delicate sheath — the 
dentinal alteatk. Inside 
the tube is a fibre, the 
dentinal Jihre, a solid 
elastic fibre originating 
with its thickest part 
at the pulp side of the 
dentine from cells lining 

the outer surface of the pulp, and called odontoblasts. 

On the outer surface of the dentine, both in the 

r^on of the enamel and cnista petrosa, the dentinal 



Tig. 101.— From a Beoticm Omiiigh 
K CulM Tooth ot Han. 
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tubes pass into a layer of intercommiinicating irregular 
branched spaces, the interglobtdar spcLces of Czermak, 
or the granula/r layer of Purkinje. These communicate 
with spaces existing between the bundles of enamel 
prisms of the crown, as well as with the bone laroinsB 
of the crusta petrosa of the fang. The interglobular 
spaces contain each a branched nucleated cell. The 
dentinal fibres anastomose with the processes of these 
cells. The iTicremental lines of Salter are lines more 
or less parallel to the surface, owing to imperfectly cal- 
cified dentine— the interglohvloLr mbstcmee of Czermak. 
The lines of Schreger are curved lines parallel to the 
surface, and due to the optical effect of simultaneous 
curvatures of dentinal fibres. 

230. The cement is osseous substance, being 
lamellated bone matrix with bone corpuscles. These 
latter are larger than in ordinary bone. 

231. The pulp is richly supplied with blood-vessels, 
forming networks, and extending chiefly in a direction 
parallel to the long axis of tibie tooth. Numerous 
meduUated nerve-fibres forming plexuses are met 
with in the pulp tissue ] on the outer surface of the 
pulp they become non-medullated fibres, and probably 
ascend in the dentinal tubes. The matrix of the 
pulp, is formed by a transparent network of richly 
branched cells, similar to the network of cells forming 
the matrix of gelatinous connective tissue. 

232. On the outer surface of the pulp — t.e., the 
one in contact with the inner surface of the dentine- 
is a layer of nucleated cells, which are elongated^ 
more or less columnar. These are the odontoblasts 
proper. Between them are wedged in more or less 
spvndle-shaped nucleated cells, the outer or distal pro- 
cess of which passes into a dentinal fibre. The odonto- 
blasts proper are concerned in the production of the 
dentinal matrix, according to some by a continuous 
growth of the distal or outer part of the cell and 
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a petrification of this increment, according to others 
by a secretion by the cell of the dentinal matrix. 
Waldeyer, Tomes, and others, consider the odontoblasts 
proper concerned in the production both of the dentinal 
matrix and dentinal fibres. The odontoblasts proper 
and the spindle-shaped cells are continuous with the 
branched cells of the pulp matrix. 

233.Developineiit of teetli. — ^The first rudi- 
ment of a tooth in the embryo appears as early as the 
second month. It is a solid cylindrical prolongation of 
the stratified epithelium of the surface into the depth ^ 
of the embryonal mucous membrane. Along the 
border of the jaws the epithelium appears thickened, 
and the subjacent mucous membrane forms' there a 
depression — ^the primitwe dental groove. Into this 
groove the solid cylindrical prolongation of the surfaxie 
epithelium takes place. This prolongation represents 
the rudiment of the enamel orgcm. While con- 
tinuing to grow in the depth, it soon broadens at its 
deepest part, and the surrounding vascular mucous 
membrane condenses at the bottom of the prolongation 
as the rudiment of the tooth papilla. "While the distal 
part of the enamel organ continues to grow towards the 
depth, it gradually embraces the tooth papilla in the 
shape of a cap — the enamel cap. During this time the 
connection between the surface epithelium and the 
enamel cap becomes greatly thinned out and pushed 
to one side, owing to the growth of the enamel cap and 
papilla taking place chiefly to one side of the original 
dental groove. 

234. The enamel cap (Fig. 105) is composed of 
three strata — an inner, middle, and outer stratum. 
.The inner stratum is the layer of the enamel cells ; it 
is a layer of beautiful columnar epithelial cells ; they 
were originally continuous with the deep layer or the 
columnar cells of the surface epithelium. The middle 
stratum is the thickest and is of great transparency, 
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owing to a transformation of the middle layer of the 
epithelial cells into a spongy gelatinous tissue, due to 
accumulation of fluid between the epithelial cells 
of this layer, and to a reduction, of its substance 
to thin nucleated plates, apparently branched. The 



Fig. 105.— From a S«ctioii throDzli the Tooth and Lowsr Jiw 

jum ; t, the niucon. ni™iinu.e of luDe i 

outer stratum consists of one or more layers of 
polyhedral cells, oontinuoua with the deep layers of 
cells of ■ the epithelium of the surface of the gum. 
Outside the enamel cap is the gelatinous vascular 
tissue of the mucous membrane of the gum. 

235. The ftetal tooth papilla is a vascular embryo- 
nal or gelatinous tissue ; on its outer surface a con- 
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densation of its cells is soon noticeable into a more or 
less continuous stratum of elongated or columnar cells, 
the odontoblasts. 

236. The dentine is formed in connection with 
the odontoblasts (Fig. 105) ; on its outside appears the 
enamel formed by the enamel cells, i,e., the inner 
layer of the enamel organ. The dentine and enamel 
are deposited gradually, and in layers. At first they 
are soft tissues, showing a vertical differentiation 
corresponding to the individual cells of the enamel 
cells and odontoblasts respectively. >Soon lime salts 
are deposited in it, at first imperfectly, but afterwards 
a perfect petrifaction takes place. The layer of most 
recently formed enamel and dentine is more or less 
distinctly marked off from the more advanced layer, 
the most recently formed layer of the enamel being 
situated next to the enamel cells, that of the dentine 
next to the odontoblasts. 

The milk tooth remains buried in the mucous 
membrane of the gum. When it breaks through, the 
enamel remains covered with — i.e,f carries with it — 
the inner stratum of the enamel organ only, i.e,, the 
enamel cells (Fig. 105, h) ; these at the same time as 
the surface of the enamel increases become much 
flattened, and, finally losing their nuclei, are con- 
verted into a layer of transparent scales, the membrane 
or cuticle of Na&m,yth, 

237. Long before the milk tooth breaks through 
the guin, there appears a soUd cylindrical nia« of 
epithelial cells extending into the depth from the 
connection between the enamel organ and the epithe- 
lium of the surface of the gum mentioned above. 
This epithelial outgrowth represents the germ for 
the enamel organ of the permanent tooth; but it 
remains stationary in its growth till the time arrives 
for the milk tooth to be supplanted by a permanent 
tooth. Then that rudiment undergoes exactly the 

M 
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some changes of growth as Uie enamd organ of the 
milk tooth did in the fint period <^ foetal life. A 
new tooth is thus formed in the depth of the- alTeolar 
cavity of a milk toot&, and the growth of the fcnrmer 
in si^e sud towards the. surface gradually lifts the 
lattear out of itfi sockeL 



CHAPTEE XXII. 



238. The salivary glande, according to their 

structure and secretion, are of the following kinds : — 

(1) 7Vu« wrfieary (E% 106), serOM, or albuminous 
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^aoda, Hueh as 4^e parotid of mub aod' mammals, 
the Bub-mazillaiy and orbibil of rabbit, tlw sn1>- 
m^Eillary of the goinea'p^;. They secrete trae, thin, 
watery saliva. 

(3) Muooug glands, such as the aub-maxillaiy and 
orbital of cat and d(^ (Fig. 107), the sub-liiigaal 



Tig. MT.— Fnnn • Bvstlon Uucni^ tha OiUM (niioon*) CHand 
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r£ oat, dog, rabbit, and guinearpig. They seoretfl 
tbiokisli, less wat«ry mucus. 

(3) 3£iseed aalioary, or mvico-galivary glandu, sneh as 
the aub-maxillary and sub-lingual of man and ape. 

In addition to the three saliTary gltmds-^pMutid, 
snb-maxiHary, and sub-lingual — there ai*' in some' 
cases, as in the rabbit and the guinea-pig, two minute- 
additional glands, one intimately uisexed to the 
parotid and the other to the snb-mazillary, and of the 
nature! of a macouagkind. These are the superior and 
inferior admamllary glemda. 
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239. The fHuneworlc— Each salivary gland 
is enveloped in a fibrous connective tissue capsule, 
in connection with which are fibrous trabecular and 
septa in the interior of the gland, by which the sub- 
stance of the latter is subdivided into Iches, these 
again into lobtUeSy and these finally into the alveoli 
or acini The duct, large vessels and nerves pass 
to and from the gland by the hilum. The con- 
nective tissue is of loose texture, contains elastic 
fibres, and, in some instances more, in others less, 
numerous lymphoid cells. In the sub-lingual gland 
they are so numerous that they form continuous rows 
between the alveoli The connective tissue matrix 
between the alveoli is chiefly represented by fine 
bundles of fibrous tissue, and branched connective 
tissue corpuscles. 

240. The dacts«->FoUowiDg the chief duct of 
the gland through the hilum into the interior, we see 
that it divides into several great branches, according 
to the number of lobes; each of these breaks off 
into several branches, one for each lobule. Entering 
the lobule the duct has become very minute, and 
passing along it gives off laterally seversJ minute ducts, 
all within the lobule being the intralobular duets, 
or the salivary tubes of Pfliiger, the bigger ducts 
being the interlobular, and, further, the interlobar 
duets. Each of the latter consists of a limiting 
membrana propria, strengthened, according to the 
size of the duct, by thicker or thinner trabeculsB of 
connective tissue. In the chief branches there is pre- 
sent in addition non-striped muscular tissua The 
interior of the duct is a cavity lined with « layer of 
columnar epithelial cells. In the largest branches there 
is, outside this layer and inside the membrana propria, 
a layer of small polyhedral cells. 

241. The intralohnlar ducts, or the salivary 
tubes of Pfliiger, consist of a limiting membrana 
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propria, with a single layer of columnar epithelial cells. 
Each of these has a spherical nu<ileus in about the 
middle ; the outer half of the cell substance shows very 
marked longitudinal striation, due to more or less coarse 
fibrill» (see Fig. 106). The inner half, i.e., the one 
bordering the lumen of the duct, is only very faintly 
striated. The outline of these salivary tubes is never 
smooth, but irregular, hence the diameter of the tube 
varies from place to place. 

Not in all salivary glands do the epithelial cells 
of the intralobular ducts show this coarse fibrillation 
in the outer part of their substance ; e.g., it is not 
present in the sul>-lingual gland of the dog aiul guineiBr 

pig- 

242< The ends of the branches of the salivary 

tubes are connected with the secreting parts of the 
lobule, i.e,j the acini or alveolL These always very 
conspicuously differ in structure from the salivaiy 
tubes, and, as a rule, are larger in diameter. That 
part of the duct which is in immediate connection with 
the alveoli is the intermedia/ry po/rt, this bemg inter- 
posed, as it were, between the alveoli and the salivary 
tube with fibrillated epithelium. The intermediary part 
is much narrower than the salivary tube, and is lined 
with a single layer of very flattened epithelial cells, 
each with a sinsrle oval nucleus : the boundary is 
formed by the meUrana pn,pria. ^ntinued fro7the 
sahvary tube. The lumen of the intermediary part is 
much smaller than that of the salivary tube, and is 
generally lined with a fine hyaline membrane, with 
here and there an oblong nucleus in it. 

At the point of transition of the salivary tube 
into the intermediary part there is generally a sudden 
diminution in size of the former, and the columnar 
cells of the salivary tube are replaced by polyhedral 
cells ; this is the neck of the intermediary part. In 
some salivary glands, especially in the mucous, this 



1 82 Elements of Histology, [Chap. xxii. 

neck is the only portion of the intermediary part 
present, e.^., in the sub-maxillary and orbital glands 
of dog and cat, and in the sub-lingual of i^e rabbit. 
In others, especially in the serous salivary glands, as 
in the parotid of man and mammals, sub-maxillary of 
rabbit and guinea-pig, and in the mixed salivary — 
e.^., sub-maxillary and Bub-hngual of man and ape— > 
there exists after the ne<^ a long intermediary part, 
which gives oS several shorter or longer branches (^ 
Uie same kind, aU of which terminate in alveoli 

243. The alv«oli or actet are the essential 
or secreting part of the gland ; they are ilask-idiaped, 
club-shaped, shorter or longer cylindrical tubes, more 
or less wavy, or if long, more or less convoluted; 
many of them are branched. Generally several open 
into the same intermediary part of a salivary tube. 
The idveoli are much larger in diameter tboA the 
intermediary part^ and slightly larger, or about as 
large, as the intralobular ducts. But there is a 
difference in this respect between the alveoli of a 
serous and * mucous saUvary gland ; in the former 
the alveoli are smaller than in the latter. 

The merobrana propria of the intermediary duct 
is continued as the membrana propria of the alveoE 
This is a reticulated structure, being in reality a basket- 
shaped network of hyaline branched nucleated cells 
(Boll). The lumen of die alveoli is very minute in 
the serous, but is considerably larger in the mucous 
glands ; it Ls in both glands smaller during secretion 
than during rest. 

244. The epithelial cells lining the alveoli are 
called the salivary eeUs — they are of different 
characters in the different salivary glands, and chiefly 
determine the nature of the gland. The cells are 
separiEtted from one another by a fluid albuminous 
cement substance. (1) In the serous or true salivary 
glands^ as parotid dt man and mammals, sub-maxillary 
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of rabbit and gninea^pig, the salivary cells form a 
jnngle layer of shorter or longer columnar or pyra- 
midal ci^^immmis 4JbU», oofmposed of a densely reticu- 
lated protoplasm, and containing a spherical nucleus in 
the outer part of the cell. (2) In the mucous glands, 
such as the sub-lingual of the guinea-pig, or the 
admaxillary of the same animal, the cells lining the 
alveoli form a single layer of goblet-shaped rmteims 
ceils, sudi as have been described in par. 25. Each 
cell consists of an inner principal part, composed of a 
transparent mucoid substance (contained in a vide- 
meshed reticulum of the protoplasm), and an outer 
small, >more opaque part, containing a compressed and 
flattened nucleus. This part is drawn out in a fine 
extremity, which, being curved in a direction parallel 
to the surface of the alveolus, is imbricated on its 
neighbours.. 

245. In the case of the sub-maxillary and orbital 
glands of the dog, the sub-lingual of rabbit, there exists 
in addition to, and outside of the mucous cells lining 
the alveoli, but within the membrana propria^ from 
place to place crescentic masses, being the demihmes 
of Heiclenhainy or the crescerUs of Gianuzzi (see Fig. 
107). Each is composed of wr&nl polyhedral granu- 
lar-looking odls^ each with a sphencal nucleus; the 
cells at ^e margin of the <»rescent are of course 
thinner than those forming the middle. Heiden- 
hain and his pupils, Lavdovski and others, have 
shown that, during prolonged exhansting stimula. 
tion of the sub-maxillary and orbital of the dog, 
all the lining <^lindrioal mucous cells become re- 
placed by small polyhedral cells^ similar to those 
oonsiiitiiting the crescents, while at the same time 
the alveoli become smaller (Eig. 108). These ob- 
servers maintain that this chaise is due to a total 
destruction of the mucous cells, and a replacement 
of them by new ones, derived by multiplication 
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from the creeoent cells. This ia impTObable, since, 
during ordinary conditions of secretions, there is no 
disappearance of the mucous cells as such ; they change 
in size, be- 
coming larger 
during secre- 
tion, and their 
contents are 
converted into 
perfect mucus. 
It is probable 
that, on pro- 
longed exhauB- 
ttve atimula- 
ti<Hi, the mucous 
cells collapse 
into the Boiall 
cells, seen by 
Heidenhainand 
s pupils. 
246. The 
ii«ii..cu...™..u|u.^^^,...Br.uui«™i,it alveoli of the 

sub- lingual of 
tiie dog are again different in structvre both from those 
of the sub-maxillary of the dog and of the sub-lingnal 
of goinea-pig, for the alveoli are there lined either 
wiljb mucous cells or with columnar albuminous 
cells, or the two kinds of cells follow one anothcir 
in the aame alveokig. 

This gland is a sort of intermediate form be- 
tween the sub-lingual of man and the sub-mazillary 
of mEtn and ape, i.e., the mixed or muoo-salivary 
glands. In these the great number of alveoli are 
serous, i.e., smtdl, with small lumen, and lined with 
albuminous celb, whereas there are always present 
a few alveoli exactly like those of a mucous gland. 
The two kinds of alveoli are in direct continuity with 
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one another. In some conditions there are only vety 
few mucoua alveoli to be met -vnih within the lobule, 
so fev sometimes that they seem to be altt^ether 
absent ; in others they are numerous, but even under 
most favourable conditions form only a fraction of the 
number of the serous alveoli. In the sub-lingual of 
man they are much more frequent, and for this reason 
this gland possesses a great resemblance to the sub- 
lingual of the dog. 

What appear to be eresc&rOs in the mucous alveoli 



of the human gland are an oblique view of albuminous 
cells lining the alveoli at the tranaition between the 
mucous and serous part of the same glaod-tube. 

247. The columnar salivary cells lining the alveoli 
of the sub-maxillary of the guinea-pig in some condi- 
tions show two distinct poriiong, an outer homogeneous 
or slightly and longitudinally striated substance, and 
an inner, more transparent, granular-looking part, and 
in this respect the cells resemble those of the pancreas. 
(See a future chapter.) 

Langley has shown (Fig. 109) that during the 
period preparatory to secretion the cells lining the 
alveoli of the serous salivary glands become enlarged 
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and filled with coarse granules; during secretion 
these granules become used up, so that the cell- 
substance grows more transparent, begimung from the 
outer part of the cell and gradually progressing to- 
wards the lumen of the alveolus. 

248. Bloodvessels and lyiii|»liatics«— The 
lobules are richly supplied with blood-vessela The 
arteries break up into numerous capillaries, which 
with their dense networks surround and entwine the 
alveoli Between the interalveolar connective tissue 
carrying the capillary blood-vessels and the membrana 
propria of the alVeoli exist lymph spaces surrounding 
the greater part of the circumference of the alveoli 
and forming an intercommunicating system of spaces. 
They open into lymphatic vessels accompanying the 
intralobular ducts, or at the margin of the lobule 
directly empty themselves into the interlobular 
lymphatics. The connective tissue between the lobes 
contains rich plexuses of lymphatics, 

249. The nerre-braiiclies form plexuses in 
the interlobular tissue. In connection with them are 
larger or smaller ganglia. They are very numerously 
met with in the sub-maxillary, but are absent in the 
parotid. Some ganglia are present in connection with 
the nerve-branches surrounding the chief duct of the 
sub-lingual gland. 

PMger maintains that the ultimate nerve-fibres 
are connected with the salivary oells of the alveoli 
in man and mammals, but thid remains to be proved. 
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CHAPTER XXIIL 

THE MOUTH, PHARYNX, AND TONGUE. 

250. The nrlaudis*— Ii^^ the cavity of the 
mouth and pharynx open very numerous minute 
glaads, which, as regards structure and secretion, are 
either serous or mucous. The latter occur in the 
depth of the mucous membrane covering the Hps of the 
mouth, in the buccal mucous membrane, in that of the 
hard palate, and especially in that of the soft palate 
and the uvula, in the depth of the mucous membrane 
of the tonsils, at the back of the tongue, and in the 
mucous membrane of the pharynx. The serous glands 
are found in the back of the tongue, in close proximity 
to the parts containing the special organs for the 
perception of taste — ^the taste goblets or buds (see 
below.) All glands are of very minute size, bUt 
when isolated they are perceptible to the unaided eve 
as minute whitish specks, as big as a pin's head, or 
bi^er. The largest are in the lips, at the back of 
the tongue and soft palate, where there is something 
like a grouping of the alveoli around the small branches 
pf the duct, so as to form little lobules. 

251. The chief duct generally opens with a narrow 
mouth on the free surface of the oral cavity; it 
passes in a vertical or oblique direction through the 
superficial part of the mucous membrane. In the 
deeper, looser part (submucous tissue) it branches 
in two or more small ducts, which take up a number 
of alveoli. Of course, on the number of minute ducts 
and alveoli depends the size of the gland. 

In man, all ducts are lined with a single layer of 
columnar epithelial cells, longer in the larger than 
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in the enudler ducts ; in tnajninala, the epithelium 
ifl a single layer of polyhedral cells. No fibrillation 
is noticeable in the epithelial cells. At the transition 
of the terminal ducts into the alveoli there is occasion- 
ally a slight enlargement, called the vnfv/nd^Atiwm; 
here the granular" 
looking epithelial 
cells (A. the duct 
change into ^e 
oolumnar transparent 
mucous cells lining 
^e alveoli. 

252. The alveoli 
of these glands are 
identical with those 
of the mucous glands 
described above (Fig. 
110) — e.g., the sub- 
lingual gland, as re- 
gards size, tubular 
branched nature, the 
lining epithelium, and 

In some instances 

{as in the soft palate 

Pij. 110.— Part ri b LoIpdIb of b Mnomu and toninie) the duct 
Gland la the Toasne of Boff. „ _ .-^ ^^_:„„ J„ 

. .. , ., . . , ^ near the opening is 
airmttoBi; f'^t.'"J'''«''R''A*^'|,''"''i5 lined with ciliated 
poijhfflr*! will. (iiiM.)' columnar epitheHnm. 

The stratified epithe- 
lium of the surface is generally continued a short dis- 
tance into the mouth of the duct 

263. The 8«roDS tlands at the root of the 
tongue {von Ebner) differ from the mucous chiefly 
in the size, epithelium, and lumen of the alveoli 
These are of exactly the same nature and structure 
as those of the serous or true salivary glands. 
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Saliva obtained from the mouth contams num- 
bers of epithelial scales, detached from the surface 
of the mucous membrane, groups of bacteria and 
micrococci, and lymph corpuscles. Some of these are 
in a state - of disintegration, while others are swollen 
up by the water of the saliva. In these there are 
contsoned numbers of granules in rapid oscillation, 
called Brownian molecular movement. 

254. The macoas membraae lining the cavity 
of the mouth is a thin membrane covered on its free 
surface with a thick stratified pavement epithelium, 
the most superficial cells being scales, more or less 
homified. 

Underneath the epithelium is a somewhat dense 
feltwork of fibrous connective tissue, with numerous 
elastic fibrils in networks. This part is the mucosay 
and it projects into the epithelium in the shape of 
cylindrical or conical pajnlke. 

According to the thickness of the epithelium, the 
papillae differ in length. The longest are found where 
the epithelium is thickest-'-e.^., in the mucosa of the 
lips, soft palate, and uvula. 

Numerous lymph corpuscles are found in the 
mucosa of the palate and uvula. Sometimes they 
amount to dif^se adenoid tissue. The deeper part of 
the mucous membrane is the sybmucosa. It is looser in 
its texture, but it is also composed of fibrous connec- 
tive tissue with elastic fibrils. The glands are here 
embedded ; fat tissue in the shape of groups of fat 
cells up to continuous lobules of fat cells are here to 
be met with. The large vascular and nervous trunks 
pass to and from the submucosa. . 

255. Striped masealar tissae is found in the 
submucosa. Of the lips, soft palate, uvula, and pala- 
tine arches, it forms a very conspicuous portion — 
«.(/., musculus sphincter orbicularis, with its outrunners 
into the mucous membrane of the lip, the muscles of 
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the palate, uvula (levator and teDSor palats^ mA the 
areas, palato-pharjngeus, and palato-glossus. 

256. The last branohee of the ofrUriu break tip in 
a dense capUiary network on the sorf ace of the mnooea, 
and from it loops adoend into the papilln. Of 
course, fat tissue, glands, and muscular tissue re- 
ceive their own supply. There is a very rich plexus 
of veins in the superficial part of the mucosa. They are 
conspicuous by their size and tin tkiimeBB of their wall. 

The lymphcUics form networks in all layers of the 
mucosa, including the papillm. The large efferent 
trunks are situated in the submucosa. The last 
outrunners of the nerve branches form a plexus qfnon- 
meduMated fibres in the superficial layer of the mucosa, 
whence numerous primiifwe fihriUee ascend into the 
epithelium to form networks. Meissner's tactile cor- 
puscles have been found in the pap01» of the lips and 
in those of the tongue. 

257. In the pbaryux the relations remain the 
same, except in the upper or nasal part, where 
we find numerous places covered with columnar 
ciliated epithelium. As in the palatine tonsils so 
also here, the mucosa is infiltrated witJi diffuse 
adenoid tissue, and with lymj^ follicles in great 
numbers. This forms the pharynx tonsil of Lusdbka. 

In ike palatine tonsil and in the pharynx tonsil 
there are numerous crypts leading ^m the sur- 
face into the depth. This is due to the folding of 
the infiltrated mucosa. Such crypts are, in the 
pharynx, sometimes lined all through with ciliated epi- 
thelium, although the parts of the free surface around 
them are covered with stratified pavement epithelium. 

258. Tbe twngue' iB a;- fold of the mucous 
membrane. Its bulk is made up of striped muscular 
tissue (genio-, hyo-, and stylo-glossus ; according to 
direction : longitudinalis superior and inferior, and 
transversus linguae). The lower surface is covered 
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with a delicate mucous membraae, identical in struc- 
ture with that lining the rest of the oral cavity, 
whereai^ the upper part is covered with a mem- 
brane, of which the mucosa projects over the free 
surface as exceedingly numerous fine and short hair- 
like processes, the pa/piUce filiformes, or as less nume- 
rous isolated somewhat longer and broader mushroom- 
shaped pcLpillcB /ungifor)ne». The papillae, as well as 
the pits between them, are covered with stratified 
pavement epithelium. Each has numbers of minute 
secondary papillae. Their substance, like the mucous 
membrane of the tongue, is made up of fibrous 
connective tissue. This is firmly and intimately 
connected with the fibrous tissue forming the septa 
between the muscular bundles of the deeper tissue. 
The mucous membrane is on the whole thin. It 
contains large vascular trunks, amongst which the 
plexus of veins is very conspicuous. On the surface 
of the mucosa is a rich network of capillary blood- 
vessels, extending as complex loops into the papillae. 
Lymphatics form rich plexuses in the mucosa and 
in the deep muscular tissue. Fat tissue is common 
between the muscular bundles, especially at the back 
of the tongue. 

259. There are two varieties of glands present 
in the tongue, the mucous amd serous. The latter 
occur only at the back, and in the immediate 
neighbourhood of the taste organs; the mucous 
glands are chiefly present at the back; but in 
the human tongue there are small mucous glands 
(glands of Nuhn) in the tip. All the glands at 
the back are embedded between the bundles of 
striped muscular tissue, and thus the movements 
of the tongue have the effect of squeezing out the 
secretion of the glands. Near a&d about the glands 
numerous nerve bundles are found connected with 
minute ganglia. 
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At the root of the tongue the mnoouB raembraiie 
is much thicker, and contaimi in its macosa nnmeroue 
lymph follicles and diffuse adenoid tissue. Thus 



Fig. 111.— TroniftTei'tiitalBeotkniUiroiwhftCiKnmiTalbteFiHUk 

or ths ToDgne ol m Child. 

■.Tlie ttntlDed nTsicflnl cpltlulliim HTerlng tbs fciM urouDd Ilia »pl1Iii: 

^ the mucADt DK^mbruifl 1 4, theseroufl fflmndfl ; /. Iha pllbfltwmi the fold 

■BdlbepaiilLI*; InlbvocdtlivliiimDf tlilt I^LeranseeDtlie-'tubBffDblcaa.'' 

numerous knob-like or fold* like prominences of the 
mucosa are produced. There are also minute pits or 
crypts leading into the depth of these prominenoee. 

260. The paplHB clFciimTallatn (Fig. Ill) 
are large papilltB fungiformes, each surrounded by a fold 
of the mucosa. They contain taste goblets or buds — 
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t.ft, the terminal t4ste orgkns. At the mai^jin of the 
tol^;ae, in the regioa tA the CLfcumTallHte pftpillte, 
there toe al#ays a taw permaneAt folds, ffiadh also 
Oit&tAini taste gtJbletB. In xnb6 domeBtiio snimAlB 
tbes^ folds a«Atftie a d^ftnite orgsHiflfl.tioQ-^'^Aii'., ia tlie 
rabbit 'tirete is An ov&l or eiivular orgaQ oobt^poe^ of 
nnmbere of parallel and permanent folds; jta/piUa 
Joliake. The papilhe fimgiforUes of th6 rest of the 
toDgne ^80 eontain in some jAwmb a taste goblet. But 
most of the taste gobleta are found on the papiUe cir- 
cumvallatiB and foliatn. In both kinds of structures 
the taste goblets are placed in several rows close round 
the bottom of the pit, separating, in the papill» 
circumvallfttte, the papilliB fungiformes from the fold 
of the mucosa surrounding 
it : in the papillce foUatte 
the pits are represented by 
grbVes separating the iAdi- 
vidnal folds from one 
another. 

261. The Cftst« ■»»- 
leM or tttste »■<!« are 
borftl-shaped structures 
(Fig. 112), extending in a 
Vertical direction thfough 
the epithelium, from the 
free surface to the mucosa. 
£^icb b composed of a 
layer of flattened epitiiellal 
cells, elongated in the 

dbection of the goblet, and "'■ '^i^^lZ^H^^'-*^ 
forming ite cover ; these ,^ The >»« of tbc lo-ati ii«t im 
are the tegmental eelU. riSt™™ ^*ti^SrtS?"uiui> 
The interior of the goblet 

is made up of a bundle of Spindle-shaped or staff- 
shaped ttute eeUt. Each includes an oval nucleus, 
ana is drawn out into an outer and an inner fine 
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extremity. The former extends to the free surface, 
projecting just through an opening of the goblet, 
and resembles a fine hair; the latter is generally 
branched, and passes towards the mucosa ; there, 
probably, it becomes connected with a nerve-fibre, the 
mucosa of these parta containing rich plexuses of 
nerve-fibres. 

Into the pits surrounded by taste goblets open the 
ducts of the serous glands only (von Ebner). 



CHAPTER XXIV. 

THE (ESOPHAGUS AND STOMACH. 

262. I. The cesopbayns* — Beginning with the 
cesophagus, and ending with the rectum oi the large 
intestine, the wall of the alimentary canal consists of 
an inner coat or mucous membrs^e, an outer or mus- 
cular coat, and outside this a thin fibrous coat, whiph, 
commencing with the cardia of the stomach, is the 
serous covering, or the visceral peritoneum. 

The epithelium lining the inner or free surface of 
the mucous membrane of the (esophagus is a thick, 
stratified, pavement epithelium^ 

In Batrachia, not- only the oral cavity and 
pharynx, but also the oesophagus, are lined ¥dth 
ciliated columnar epithelium. 

The mucous membrane is a fibrous connective 
tissue membrane, the superficial part of which is 
dense — the rrmcosa; this projects, in the shape of 
small papiUse, into the epithelium. 

The deeper, looser portion of the mucous membrane 
is the suhmucosa ; in it lie small mucous glands, the 
ducts of which pass in a vertical or oblique direction 
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through the mucosa, in order to open oa the free sur- 
face. Id man, these glands are relatively scarce ; in 
camiTorous animals {dog, cat) they form an almost 
continuous layer (Fig. 113). 

263. Between the mucosa and Eubmucosa are 
longitudinal bundles of non-striped muscular tissue. 



n^. us.— FromaEiOiigitlidinal SMticm throngh the Muo 

of the OnphaxM at Ccf . 
•.TIi*MinllfledpannieDt*iiilli*lliuiicitlb«Hir(t«{ >,t1iemDa 



At the b^iinning of the oesophagus they are absent, 
but soon make their appearance — at first as small 
bandies separated from one another by masses of con- 
nective tissue; but lo-wer down, about the middle, 
they form a continuous stratum of longitudinal 
bundles. This is the twmcuWm n 
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Outside the cmbmucosa is the muscularis externa. 
This consists of a thicker inner circular and an outer 
thinner longitudinal boat And outside this is the otrter, 
or limiting, fibrous coat of the oesophagus. Ill man, 
the outer muscular coat consists of non-striped muscu- 
lar tissue, except at the beginning (about the upper 
third, or less) of the oesophagus, which is composed 
of the striped variety ; but in many mammals almost 
the whole of the external muscular coat, except the 
part nearest the cardia, is made up of striped fibre& 

264. The large vessels pass into the submucosal 
whence their finer branches pass to the suiface parta 
The superficial part of the mucosa and the papillsB 
contain the capillary networks. The outer muscular 
coat and the muscularis mucosae have their own 
vascular supply. 

There is a rich plexus of lymphatics in the mucosa,- 
and this leads to a plexus of larger vessels in the sub- 
mucosa (Teichmann). The nerves form rich plexuses 
in the outer fibrous coat; these plexuses include 
numerous ganglia. A second plexus of non-medullated 
fibres lies between the longitudinal and circular mus- 
cular coat; a few ganglia are connected with this 
plexus. In the submucosa are also plexuses of non- 
medullated fibres. Now and then a small ganglion is 
connected also with this plexus. 

265. XL Tlie stomaeli* — Beginning with the 
cardia, the mucous niembrane of the stomach is covered 
irith a single layeY of beautiful thin columnar epithelial 
cells, most of which are mucus-secreting goblet cells. 
On the surface of the mucous membrane of the stomach 
open numerous fine ducts of glands, placed very closely 
side by side. These extend, more or less vertically, as 
minute tubes, into the depth of the mucous membrane. 
In the pyloric end, where the mucous membrane 
presents a pale aspect, the glands are called the pyloric 
glands ; in the reiit of the i^mach, whose mucoiia 
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membrane presents a reddish or red-browa a|)|)ear- 
ance, they are called the peptic glands. Owing 
to the very numerous fine ducts opening on th^ 
surface of the mucous membrane, the tissue of this 
latter appears on a vertical section to be made up 
of thinner or thicker folds, or villi — ^plicsB villosse. 
But they are not real villi 

The part of the mucous membrane containing 
the glands is the imt4:osa ; outside this is a loose con- 
nective tissue containing the large vessels — ^this is 
the suhnviicoBa, Between the two, but belonging 
to the mucosa, is the fnuscttlaris rmtcoseef a thick 
stratum of bundles of non-striped muscular tissue, 
arranged in most parts of the stomach as an inner 
circular and an outer longitudinal layer. The tissue 
of the mucosa is dense, owing to its containing, 
placed closely side by side, the gland tubes. Be- 
tween them is a delicate connective tissue in which 
the minute Capillary blood-vessels pass in a direction 
vertical to the sui^ace. Numerous small bundles 
of non-striped muscular fibres pass from the mus- 
cularis mucosae towards the surface — ^up to near the 
epitheHum of the surface— forming longitudinal mus- 
cular sheaths, as it were, around the gland tubes. 

The pHcse villosse of the superficial part of the 
mucosa contain fibrous connective tissue and numerous 
lymphoid cells. 

266. The peptic glands (Fig. 114) are more or less 
wavy tubes, extending down to the muscularis mucosae. 
The deep .parfc is broader than the rest, and is more 
or less curved, seldom branched. This is the fundus of 
the gland; near the surface of the mucosa is the 
thinnest part of the tube; tibis is ihe neck. Two 
or three neighbouring glands join and open into 
the short cylindrical dtict mentioned above. The , 
duct is lined with a layer of columnar epithe- 
lial cells, continuous and identical with those of the 
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free Bor&ce of the mucous membrane. The cavity of 
the duct is coatdnuett as a very fine cansl into the 
nook and through the rest of the gland tube. Next 



lie. lU.— PepUc Oluidi. 

A.DMM' ■ low power; d.duot :s,iu:ck: ■, ptnof the timduinr kflud 

tube under ■ high iiai^ii p, p^eiifaeUi; c, clilct nllL 

to the lumen is a continuous single layer of more or 
less ' transparent, granukr-looking, epithelial cells, 
each vith a reticulated protoplasm and a spherical or 
slightly oval nucleus. In the neck these cells are 
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polyhedral, but farther downwards increase to cylin- 
drical cells, ajid in the fundus of the gland tube thqy 
are long columnar. This layer of cells bordering the 
lumen is the layer of iMef , 

ce^b (Heidenhain.) Outside 
them is the limiting mem- 
brana propria of the gland 
tube. But from place to 
place, between the mem- 
brana propria and the chief 
cells, are gingU oval sphe- 
rical or angular large 
granular and opaque-look- 
ing cells, called the parietal 
ceUa (Heidenhain). These 
are more numerous in the 
neck than in any other 
part of the gland ; at the 
fundus they are few and 
far between, whereas at 
the neck they form almost 
It continuous layer. Their 
pi-otoplasm is densely reti- 
culated. 

267. The pyloric 
Stands (Fig. 115).— The 

ditct of each pyloric gland r«^ lis.— Fran »T«rtio»ieooti«i 
is several times longer than jJ^Sfi" ^^l^Tn?™"^ 
in the peptic. The duct of stomaoii. 
the former occupies in '■gVMd."^/cirf'«ilSe"-.?ii.J'BiSS 
some places as much as fiifi',' ""■ """™i'"'' au™"- 
half of the thickness of the 

mucosa, whereas that of the latter does not exceed 
in the fundus of the stomach or in the cardia, more 
than one-fourth or one-fifth of the thickness. 

The epithelium lining the duct of the pyloric 
glands is the same as in that of the peptic Ea(^ 
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duct toJces up two at tbrw tubes by /their short, 
narrow, thin ntck. The main part of each ^aixd tube 
is convoluted and sUghtlj brand^^ed. The neck is Hivpd 
with a layer of polyhedral cells, whereas the glan4 
tube has a lining of colui^nar transparent cells, and 
its lumen is very conspicuous. 

During exhaustion these cells are sinaUer and less 
transparent than during secretion. Their protoplasm 
in the former state is a denser reticulum tiian in Ithe 
latter, the transparent interstitial substance in the 
meshes of the cell reticulum being increased in amount 
during secretion. 

The cells are serous, not mucous, and the se- 
cretiolf of the glands can^ot therefore be mucoua 
According to Ebstein the secretion is pepsin, »nd 
so he and Heidenhain consider the pylorip glands 
as simple peptic glands. But this view is not geneiidly 
accepted. 

Between the mucous memln^ane with peptic 
glands and the pyloric end of the stomach with 
pyloric glands there, is a narrow irUermecUarp Zftm^ 
in which the peptic glands appear by degrees to 
merge into the pyloric glands. That is, the short duct 
of the former gradually elongates, the gland tubes 
get shorter in proportion and convoluted, their 
lumen gradually .enlarges, and the pariet^tl .9$^ 
become fewer and ultimately disappear. 

268. The mucosa contains isolated lymph follicles, 
glanduke lenticulares, and in the pyloric part also 
groups of these — glandulse agminatse. 

The submucosa is of very loose texture, and enables 
the mucosa to become easily folded in all directions. 

The muscular coat is very thick, and consists of 
an outer longitudinal and an inner thicker circular 
stratum of non-striped muscular tissue. Numerous 
oblique bundles are found in the inner section ol the 
circular stratum. 
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The ^lajdd tubes are ensheathed in a longitudinal 
networt^ of capMaa^ blood-vessels derived from arteries 
of the subjpiucosa. This network forms on the surface 
a special dense horizontal layer, from which the venous 
brimches are derived. The outer muscular coat and the 
vxuscularis mucosae possess their own vaseular supply. 

269. Xhe lymphatics form a network in the 
mucosa 9ear the fundus of the glands. Into- this 
plexus lead lymphatics running longitudinally between 
the glands anastomosing with one another freely, and 
extending to near the surface (Lov^n). Another 
plexus belongs to the submucosa. 

Between the longitudinal and circular stratum of 
the outer muscular coat, and extending parallel to thp 
surface, is a plexus of non-medullated nerve-branches 
with a few ganglia in its nodes. This corresponds to the 
plexus of Auerhdch of the intestine, and is desti^ed 
for the outer muscular coat. A second plexus of non- 
medullated nerve-branches with ganglia also extending 
parallel to the surface lies in the submucosa. This cor- 
responds to the pleocus o/Meissnsr of the intestine, and 
is destined for the muscularis mucosae and the mucosa. 

According to Babe, the gastric gland tubes in the 
horse are surrounded by a rich plexus of neirve-fibres, 
terminating in peculiar spindle-i^ped cells. 



CHAPTEB XXV. 

THE SHALL AND LARGE INTESTINE. 

970. The epithelium covering the inner or free 
8ur£BU)e of the mueous membrane of the small and 
l^LTg^ intestine i^ 9. single layer of columnar ceUs, their 
protoplasm more or less distinctly longitudinally fibril- 
lated ; tiieir free surface appears covered with a 
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vertically and 
finely tirioted 
basilar border. 
Many oella are 
goblet cells. 
_ Undemeatb the 
i' epithelium is a 

Pig. iw.— Ptom aLonjitiiiJiBai Sectkni thnngh basement mem- 

k Vlllai o[ the Small Inteatin*. , . , , 

^ Tb. ep,.b.,iu>= .( the .urt«», ., ,««««. ^raiie the sub- 
53SX.'i.^b.i^"?S!S?;^'i'™^'?'°*iSS epithehal endo- 
™i&?''o('™n."'ffi''iu'm'Bih.™^BT,nI>S ttelium of De- 
""i^Kif"- ' bove(seepar.39). 

As in the stomach, bo also 
in the small and large intes- 
tine, the ■mucosa is connected 
with the outer muscular coat 
by a loose-textured fibrous «u^- 
mucoaa, in which lie the large 
vascular trunks, and in many 
places larger or smaller groups 
of fat cells and lymph cor- 
puscles. Between the mucosa 
and submucosa, but belonging 
to the former, is a layer of 
non-striped muscular tissue, 
the mnucularis muoosce. This 
is in many places composed of 
inner circular and outer longi- 
tudinal bundles, but there are n. 
a good many places, especially 
in the small intestine, where 

only a layer of longitudinal ri_, m.—Fn™ % -VnOM 
bundles can be made out. Sects™ throurf. ^a Mddodi 

The tissue of the mucosa is intestine of Doe. 

similar in structure to adenoid "CTj^'rf'i."h^°iliSli°'^iMS? 
tissue (Fig. 116), consisting of KM^^ti,'S'i;^''cVof^„?SS 
a reticular matrix with flat- ™'S',S2iT<.'niMfi«X'iAS 



ciup- XXV.] Small and Large Intestine. 203 

tened l^ge nucleated endotheloid cells and numerovis 
amidleF lymph corpuscles. The mucosa of the Bm&ll 
and large intestine contoinB simple glruid tubes, the 
erypU or /oUieks of Liebei-kuhv, (Rg. 117); they 
are placed vertically and closely side by side, extend- 



Fif. lie.— Prom a, Verticol Seotian thTDneh a Fold of the 

Hnoow Hambruie ol the Jsjnnum o[ Dog. 

(. TIm nuconik, nnulnlni tli> cnpca at UeMrkubi, ud iin4«ctliis 

HtlMTfllJi iH,iiiiiacu]iirlimii&iieii.HibiDn(iiu. (AIlu.) 

ing from the free Btirface, where they open, to the 
muscularis mucosfe. These glands possess a large 
lumen, and are lined with a single layer of columnar 
epithelial cells, many of tliem goblet cells. 

271. In tiie small intestine the tissue of the 
mucosa projects beyond the general surface in the 
shape of very numerous fine, longer or shorter, cylin- 
drical, conical or leaf-shaped viUi (Fig. 118). iSiese 
are, oi course, covered with the columnar epithelium 
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of tbe geaeral our&oe, and ttu^r tiasue is the wine as 
Ui&t of th« mucosa — i.^, adenoid tissue — with tlis 
addition of : (a) One or two central wide chfle (lymph) 
vessels (see Fig. 120), their wall being a single layer 
of endothelial plates. (6) Aioog these chyle vessels 
are longitudinal bundles of non-striped muscular tissue, 
extendmg from the base to the apex of the villas, 
torminatuig in oonneotion with the cells of the base- 
ment membrane — i«., the subepithelial endothelium. 
(e) A network of 
capillary blood- 
vessels extending 
over the whole of 
the villus close to 
Uie epithelium of 
the surface (Fig. 
119). This oapU- 
lary network de- 
rives its blood 
from an artery in 
about the middle 
: upper part of 
- thevillus. Twove- 
Twi. » tdjecteo. ^^^ ,g^lg ,,^rry 

weiiitaoim. iAtiu.i away the blood 

from -the villus. 
The Lieberknhn's crypts open between tlie bases of 
the villi 

At the sides of the villi of the small intestine, 
and at the sides of the plicte villosse of the stomach 
(see a former chapter), there exist amongst the epithe- 
lium of the surface peculiar goblet-shaped groups of 
epithelial cells, which, as Watney has shown, afe due 
to local multiplication of the epittielial cells. 

272, Lymph follicles occur singly in the submucosa, 
and extend with their inner part or summit through 
the muscula^is mucoste into the i 
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internal free surface ot the latter (Fig. 120). These 
are the golitaHf lymph foUidet of the small and large 
inteMine ; in -the latter they are larger' than in the 
fdrmer. 

Agminated glands, or Pet/er's-glttiidei, ai-e larger or 
smaller gronpH of lymph follicles, taore or 1Mb iused 



D.— Tron s Saetton ttaioi^ m_fiat of ft Hmnan PsTer** HtnH, 

irtMtha dlsUibutitis ol the jSjmphMia YeMiili In tlw Xnoon 



kl« I l^rfapbki 



TTHTIj A.LfeberkDhn'HeTTPti; ^rMoifof 



with one another, and situated with their main part 
in the aubmucoaa, but extending with their summit 
to the epithelium of the free sarface of the mncos^ 
In the lower part of the ileum these Foyer's glaltdp 
are very numerous. The epithelium covering the 
Bummiis of these lymph follicles is inyaded by, and 
more or less replaced by, the lymph corpuscles of the 
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adenoid tissue of the follicles (Watney), similar to 
what is the case in the tonsils (see par. 124). 

The outer muscular coat consists of an inner thicker 
circular and an outer thinner longitudinal stratum of 
non-striped muscular tissua 

In the large intestine, in the 'Migamentay" only 
the longitudinaJ layer is present, and is much thickened. 

273. The blood-vessels form separate systems of 
capillaries for the serous covering, for the outer mus- 
cular coat, for the muscularis mucosee, and the richest 
of all for the mucosa with its LieberkUhn's crypts. 
The capillary network of the villi is connected with 
that of the rest of the mucosie. 

The chyle vessel, or vessels of the villi, commence 
with a blmd extremity near the apex of the villi 
At the base the chyle vessel becomes narrower, and 
empties itself into a plexus of lymphatic vessels and 
sinuses belonging to the mucosa, and situated between 
the crypts of Lieberkiihn (Fig. 120)^ Thi^ network is 
the same both in the small and large intestine, as 
is also that of the lymphatics of the submucosa with 
which the former communicates. The lymph follicles 
are generally suirounded with sinuous vessels of this 
plexus. The efferent trunks of the submucous plexus, 
while passing through the outer muscular coat in order 
to reach the mesentery, take up the efferent vessels of 
the plexus of the lymphatics of the muscular coat. 

The cbyle, composed of granules and globules 
of different but minute sizes, passes from the inner 
free surface of the mucous membrane of the small 
intestine through the epithelium (probably through its 
fluid interstitial cement substance) into the reticulum 
of the villus matrix, and from thence the central 
chyle vessel, and farther into the plexus of vessels 
of the mucosa and submucosa. 

Owing to the peripheral disposition of the 
capillaries in the villi, and owing to the greater 
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filling with blood of the capillaries during digestion, 
the villi are thrown into a state of turgeecence during 
tbia period, in conBoquence of which the central chyle 
vessels are kept distended. Absoiption is thus 
greatly supported. The contraction of the muscular 
tissue of Uue villi and of the muscular coat of the in- 
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teetiue greatly facilitates the absorption and discharge 
of the cbyle. 

27*. The non-medullated nerves form a rich 
plexus, caUed the the pleamg myetUerieus of Auerback 
(Fig. 120a), with groups of ganglion cells in the 
nodes ; this plexus lies between the longitudinal and 
circular muscular coat Another plexus connected 
with the former lies in the submucous tissue ; this 
is the plexus qf Mei»»ner, with ganglia. In both 
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plexnses the branches are of b very variable thicknesR ; 
they are giroupe of aimple axiEl cylitideri^ held together 
b; ft <Midtit« dnddthdial dheatL 



CHAPTER XXVL 

THE eLAKDS OP BRUNNBR, AND THK PAKCREAB. 

275. At tlie paasa^ of the pyloric end of the 
stomach into the duodenum (Fig. 121), and in the first 



Tig. m.— 7erU«l BaotioD throng die Mdooiu U 
snd of Btonuoll and oaaunenoAiBeDt ot l>ilt 



r'nicendof atomuli: p. tJiv.LlTeou' ^ tlip Hlorlf B^ndi; l tbs fVw In 
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part of the lalter, is a conthiuooa layer of gland tlBsae 
in the aubmucosa, composed of convoluted, more or less 
branched tubea grouped into lobules, and permeated 
by bundlee of non-striped musoular tissue, outrunners 
of the muscularifl mucoste. These are the glands of 
Brwnner. Numerons thin ducts lined with a ai^le 
layer of colanm&r epithelial cells pass through the 
mucosa, and open into the crypts of Lieberkiihn be~ 
tween the bases of the villi. The glaad tubea of 
Brunner's glands are identic in gtructwre loith the 
pyloric fflcmdg, with which tiiey form a direct atia- 
lomieal eontiteuity. 

276.' The paocreas (Fig. 122) is in most respects 
identical in strac- 
ture with a serous 
or true salivary 
gland. The connect 
tive tissue frame- 
work, the distribu- 
tion of the blood- 
vesaels and lym- 
phatics, and of the 
gland tissue in lobes 
and lobules, with the 
corresponding int«r- 
and intra - lobular 
ducts, is similar in 
both cases. The 
epitlieliam lining 
the latter dncts is 

only feuntly striated, Tit. laa.— Tiom ■ Section tluongli tha 

not by any means n^^ib^rf ib8T™i-i«ie udIm 

so distinctly as in ''^ii»h™MioStcrh™oBlAut>nil unlincr 
., -,, ' , I vnumlBj-LooUng portion ; '1 k mJnuw aun. 

the salivary tubes. &iiiM.i 
The alveoli or acini 

are dub«haped, flask-shaped, shorter or longer cylin- 
drical, and convoluted. 
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277. The intermediaiy part of the duct and its 
passage into the alveoli is the same as in the 
salivary glands. The cells lining the alveoli are 
columnar or pyramidal^ and show an outer homo- 
geneous, or faintly and longitudinally striated zone 
(Langerhans, Heidenhain), and an inner more tran- 
sparent ffranular-lookinir zona The nucleus of the 
0dli8 8p}Lioal,andUe8^aboatthemiddla AcoonUng 
to the state of secretion the two zones vary in amount, 
one at the expense of the other. 

The lumen of the alveoli is very minute, and 
in the beginning of the alveoli, «.«., next to the 
intermediary part of the duct, are 'seen spindle-shaped 
cells occupying the lumen, the cevUrooLcmous cella of 
Langerhans. 

In the rabbit's pancreas Kiihne and Lea have 
shown that there are peculiar adCumulations of cells 
between the alveoli-, which are supplied with veritable 
glomeruli of capillary blood-vessels. 



CHAPTER XXVII. 

THE LIVEB. 

278. The outer surface of the liver is covered with 
a delicate serous membrcmey the peritoneum, which, 
like that of other abdominal organs, has on its free 
surface a layer of endothelium. It consists chiefly of 
fibrous connective tissue. 

At the hilum or porta hepatis this connective 
tissue is continued into the interior, and becomes one 
with the connective tissue of the Glisson's ca/psidey or 
the interlobular connective tissue (connective tissue 
of the portal canals). This tissue is fibrous, and 
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more or lees lamellated^ by it the substance of 
the liver is subdivided into numerouB, more or leas 
polyhedral, solid hihuXeii or acxni (Fig. 1 23), each about 
^th of an inch in diameter. According to whether 
tiie interlobular 
tissue forma com- 
plete boundaries 
or not, the acini 
appear well de- 
fined &om one 
another (pig, ice- 
bear), or more or 
less fuEed (man 
and carnivorous 
animals and ro- 
dents). 

Within each 
acinus there is 
only very scanty 

connective tissue, T1«. is.— From & Seotion thnnigli Uie LiTer 
, m tne snape OI ^^ mpBratflii tram one amrtjuir hy the 

extremely delicate intariobotar tisnw. 

bundles and flat- '■}f"r'^Mi£bf^K^UV?^eJfSSSf™orS! 

tissue cells. Occa,- 

sionally, especially in the young liver, migratory 
cells are to be met with in the acini and in the tissue 
between them. 

279. The vena portce having entered the hilum 
gives off rapidly numerous branches, which follow the 
interlobular tissue in which they are situated, and 
they form rich pUxtt^e* tcround each acvrms ; these are 
the interlolmlar veins (Pig. 124), Numerous capillary 
blood-vessels are derived from these veins: These 
capillaries pass in a radiating direction to the centre 
of the acinus, at the same tune anastomosing with 
one anoiber by numerous transverse branches. In the 
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centre of the acinns the capillAnes become con- 
flaeut into OQe large vein, the central <n* vnlraltind^r 
vein. The intralobular veins of several neighboaring 
acini join so hs to form the wbMndar veins, and 
tbeofl lead into the efferent veins of the liver, c^ 



Tig. 124.— From a 



the hepatic vein*, wliicli finally pasa into the vena 
cava inferior. 

280. The substance of each ftdnns— i.«L, the 
tissue between the capillary blood-vessels— is com- 
posed of uniform polygon^ protoplasmio epithelial 
cells, of about ^^^th of an inch in diameter ; these 
are the liver ceUs. Owing to the peculiar, more or 
less radiating, arrangement of the capillaries, the liver 
cells appear to form oolnmns or cylinders, also More 
or less radiating from the peri^eiy towards tiie 
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centre of the acinns. Sometimee the liver ceUa oontain 
minute pigment granalea. 

Each liver cell shows a more or less fibrill&t«d and 
reticulated protoplasm (Kupfer), and in the centre a 
spherical nucleus with its reticulum, generally with 
one or more nucleoli. 
During activity the 
liver cells are larger 
and look more gran- 
ular than after 
Wition. 

The liver cells 
are joined with one 
another by an albu- 
minous cement sub- 
stance, in which are 
left fine channels ; 
these are the hU^ 

cpiiu«i», or i^a. "LSrj'jra'jS^'.'SsS'.rj: 

lobular bile vegteU bad Iwea injenWd, PKaa bighlj imgiu fl ed 

(Fig. 126). In a , ^j°„^^;,'t„„„t,„„„„„..tj«, 

BUCCeaafully iniected 'ire welf Bhuwn u nuclenwa polygoniLl celll. 
. ■' ■' , Mcl Willi ■ duMucl rellcBlnm; t c!iiilll>rT 

preparation, the wuun-veMtu. iaiih.) 
liver cells appear 

separated everywheie from one another by a bile 
capillary, and theae Jbrm Jbr the whole acinui a conr 
iMvaovjB intercomm.v/nicatvng network of minute 
channels. "Where the liver cells are in contact with 
a capillary blood-vessel, there, of course, are no bile 
capillaries, since these esist only between liver cells. 

261. At the margin of the acinus the bile capil- 
laries are connected with the lumen of minute tubes; 
these possess a membrana propria and a lumen lined 
with a single layer of transparent polyhedral epithelial 
cells. Theee are the atiiall inferJo&uW bite duett 
{Fig. 124). Their epithelial cells are in reality oon^ 
tinuous wit^ the liver cells. They Join so as to form 
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the larger interlobular bile ducts^ lined with more or less 
columnar epithelium. The first part of the bile duct 
lined with polyhedral cells corresponds to the inter- 
mediary part of the ducts of the salivary glanda 
The interlobular bile ducts form networks in the inter- 
lobular tissue. Towards the hilum they become of 
great diameter, and their wall is made up of fibrous 
tissue, with non-striped muscular tissue. Small 
mucus-secreting glands are in their wall, and open 
into their lumen. 

The wall of the hepatic duct, and of the gall 
bladder, are merely exaggerations of this structure. 

282. The hepatic artery follows in its ramification 
the interlobular veins. The arterial branches form 
plexuses in the interlobular tissue, and they supply 
the capillary blood-vessels of the interlobular con- 
nective tissue, and especially of the bile ducts. The 
capillary blood-vessels of the bile ducts join so as 
to form small veins which finally empty themselves 
into the interlobular veins. The anastomoses of the 
capillary blood-vessels, derived from the arterial 
branches, directly with the capillary blood-vessels of 
the acini, are insignificant (Cohnheim and Litten). 
The serous covering of the liver contains special 
arterial branches — rami capsulares. Networks of lym- 
phatics — deep lymphatics — are present in the inter- 
lobular connective tissue, forming plexuses around 
the interlobular blood-vessels and bile ducts, and 
occasionaUy forming a perivascular lymphatic around 
a branch of the hepatic vein. Within the acinus, 
the lymphatics are represented only by spaces and 
clefts existing between the liver cells and capillary 
blood-vessels; these are the intralobtdar lymphatics 
(Macgillivry, Frey, and others). They anastomose 
at the margin of the Acinus with the interlobular 
lymphatics. 

In the capsule of the liver is a special network 
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of lymphatics, called the 8Ujf>erficial lymphatics. 
Numerous branches pass between this network and 
those of the interlobular lymphatics. 



CHAPTER XXVIII. 

THE ORGANS OF RESPIRATION. 

283. I. The larynx. — The supporting frame- 
work of the larynx is formed by cartilage. In the 
epiglottis the cartilage is elastic and reticulated, 
ie., the cartilage plate is perforated by numerous 
smaller and larger holes. The cartilages of Santorini 
and Wrisbergii, the former attached to the top of 
the arytenoid cartilage, the latter enclosed in the 
aryteno-epiglottidean fold, are also elastic. The 
thyroid, cricoid, and arytenoid cartilages are hyaline. 
All these are covered with the usual perichondrium. 

A small nodule of elastic cartilage is enclosed in 
the front part of the true vocal cord. This is the 
cartilage of Luschka, 

The mucous membrane lining the cavity of the 
larynx (Fig. 126) has the following structure : — 

The epithelium covering the free surface is 
stratified colv/mnar ciliated, t.&, the most superficial 
layer is made up of conical cells with cilia on their 
surface ; then between the extremities of these cells 
are wedged in spindle-shaped and inverted conical cells. 
Numerous goblet cells are found sonongst the superficial 
cells. The two surfaces of the epiglottis and the 
true vocal cord are covered with stratified pavement 
epithelium. 

Underneath the epithelium is a basement mem- 
brane separating the former from the mucous mem- 
brane proper. 
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284. Ilie aiiicoiu membrane is delicate connective 
tiaaue with nnmerous lymph corpuaclea. In the pos- 
terior surface of the epiglottis, in the false vocal cord. 



Fig. 126,— From a IiosKitudintl SeaUon tbroiudi Ou Venferiol* 
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and in the lower parts of the laiynx, but especially in 
the ventricle, this infiltration amounts to difiVise 
adenoid tissue, and even to the localisation of this 
as lymph follidea. In both surfaces of the epiglottis, 
and in the true vocal cords, the mucosa extends into 
the stratified pavement epithelium in the shape of 
minute papilb& 
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In the lower part of the larynx the mucous mem- 
brane contains bundles of elastic fibres connected into 
networks, and running in a longitudinal direction 
These elastic fibres are found chiefij in the superficial 
parts of the mucous membrane. In the true vocal 
cord the mucosa is entirely made up of elastic fibres 
extending in the direction of the vocal cord. 

285. The deeper part of the mucous membrane is 
of loose texture, and corresponds to the sub-mucosa ; 
in it are embedded numerous mucous glands^ the ducts 
of which pass through the mucosa and open on the 
free surface. The alveoli of the glands are of the 
nature of mucous alveoli, i.6., a considerable lumen 
lined with a layer of mucous goblet cells. There are, 
however, also alveoli lined with columnar albuminous 
cells, and such as have both side by side, as in the 
case of the sub-lingual gland of the dog. The ciliated 
epithelium of the surface in some places extends also 
for a short distance into the duct. The true vocal 
cords have no mucous glands. 

The blood-vessels terminate as the capillary net- 
work in the superficial — {.e., sub-epithelial — layer of the 
mucosa; where there are papillse — ie., in the epiglottis 
and true vocal cord — these receive a loop of capillary 
blood-vessels. The lymphatics form superficial networks 
of fine vessels, and deep submucous networks of large 
vessels. These are of enormous width and size in the 
membrane of the anterior surface of the epiglottis. 
The finer nerves form superficial plexuses of non- 
medullated fibres. Here, according to Luschka and 
Boldyrew, there are end bulbs. Taste-buds have 
been found in the posterior surface of the epiglottis 
(Verson, Schofield, Davis), and also in the deeper 
parts of the larynx (Davis). 

286. It. The trachea. — The trachea is very 
similar in structure to the lower part of the larynx, 
from which it difiers merely in possessing the rings 
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of hyaline cartilage, and in posaeBaing, in the posterior 
or membranous portion, circular bvaidlea of rton- 



ng. 127.— From nLmtitudlaa] aeotton through tbe 1^ 












striped mws<nilar tiesue, extending, as it were, between 
the ends of the rings. Ite component parts are (Fig, 
1371 :— 

(a) A etmtified columnar ciliated epithelium. 

(6) A basement membrane. 
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(c) A mucosa, with the terminal networks of 
capillary blood-vessels, and infiltrated with adenoid 
tissue. 

{d) A layer of longitudinal elastic fibres. 

(e) A loosely-textured submucous tissue, contain- 
ing the large vessels and nerves and small mucous 
glands. Occasionally the gland or its duct is embedded 
in a lymph follicle. 

287. III. The broncbi and the Inngr. — 
The bronchi branch within the lung dendriti^ly 
into finer and finer tubes. The finest branches 
are the terminal bronchi In the bronchi we find, 
instead of rings of hyaline cartilage, as in the trachea^ 
larger and smaller oblong or irregularly-shaped plates 
of hyaline cartilage distributed more or less uniformly 
in the circumference of the wall. Towards the small 
microscopic bronchi, these cartilage plates gradually 
diminish in size and number. The epithelium, the 
basement membrane, the sub-epithelial mucosa, and 
the layer of longitudinal elastic fibres, remain the same 
as in the trachea. The submucous tissue contains 
small mucous glanda 

288. Between the sub-epithelial mucosa and sub- 
mucosa is a continuous layer of circular non^triped 
mtiacular tissue. In the smaller microscopic bronchi 
this layer is one of the most conspicuous. By the 
contraction of the circular muscular coat the mucosa 
is placed in longitudinal folds. 

The state of contraction and distension of the 
small bronchi bears an important relation to the aspect 
of the epithelium, which appears as a single layer of 
columnar cells in the distended bronchiole, and strati- 
fied when the bronchiole is contracted. 

The distribution of the blood-vessels is the same 
as in the trachea. Lymph follicles are met with in 
the submucous tissue of the bronchial wall in animals 
and man. 
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The lymphatic networks of the bronchial mucous 
membrane are very con8picuou& Those of the sub- 
mucous tissue, i.e,y the peribronchial lymphatics, anas- 
tomose with those surrounding the pulmonary blood- 
vessels. 

Pigment and small particles can be easily absorbed 
through the cement substance of the epithelium 
into the radicles of the superficial lymphatics, whence 
they pass readHy into the (larger) perib«>ncliial lym- 
phatics. 

In connection with the nerve branches in the 
bronchial wall are minute ganglia. 

289. Each terminal bronchiole branches into 
several wider tubes called the alveolar ductSy or iriftundr- 
btda ; each of these branches again into several similar 
ducts. All ducts, or infundibula, are closely beset in 
their whole extent with spherical, or, being pressed 
against one another, with polygonal, vesicles — ^the air- 
cells or alveoli — opening by a wide aperture into the 
alveolar duct or infundibulum, but not communicating 
with each other. The infundibula are much wider 
than the terminal bronchioles, and also wider than 
the alveoli. 

290. All infundibula with their air-cells, belonging 
to one terminal bronchiole, represent a conical struo- 
ture, the apex of which is formed by the terminal 
bronchus. Such a conical mass is a lobule of the lung, 
and the whole tissue of the lung is made up of sudi 
lobules closely aggregated, and arranged as lobes. 
The lobules are separated from one another by delicate 
fibrous connective tissue; this forms a continuity 
with the connective tissue accompanying the bron- 
chial tubes and large vascular trunks, and with these 
is traceable to the hilum. On the other hand, the 
interlobular connective tissue of the superficial parts 
of the lung is continuous with the fibrous tissue 
of the suiface called the pleura pulmonalis. This 
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membmne ooatains nnmerous elastic fibres, and 
on the free surface ia covered with a layer of endo- 
thelium. 

In some instances (gninea-pig) the pleura pnhno- 
naliB contains bundles of non-striped muscular tissue. 
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The lobes of the Itmg are separated from one 
another W large septa of connective tissue — the liga- 
in«iitti pulmoms. 

291, The tefnUnal btoBcIil coatcun no oartil^e 
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or mucous glancU in their wall. This is made up of 
three coats : (a) a tiny epithelium — a single layer of 
small polyhedral granular-looking cells ; (6) a circular 
muscular coat of non-striped muscular tissue; and 
(c) a fine adventitia of elastic fibres, arranged chiefly 
as longitudinal networks. 

292. Tracing the elements constituting the wall 
of a terminal bronchiole into the inf undibula and air- 
cells (Fig. 128), we find the following changes : (a) the 
polyhedral granular-looking epithelial cells forming a 
continuous lining in the terminal bronchiole, are trace- 
able into the inf undibulum only as larger or smaller 
groups; between these groups of small polyhedral 
granular-looking cells large, fiat, transparent, homo* 
geneous, nucleated, epithelial scales make their ap- 
pearanca The farther away from the terminal 
bronchiole, the fewer are the groups of polyhedral 
granular-looking cella In all infundibula, however, 
the transparent scales form the chief lining. This 
becomes still more marked in the air-cells. There 
the small polyhedral granular-looking cells are trace- 
able only singly, or in groups of two or three (Elens), 
the rest of the cavity of the air-cells being lined with 
the large transparent scales. 

In the foetal state all cells lining the infundibula 
and air-cells are of the small polyhedral granular- 
looking variety (Kiittner). With the expansion of 
the lungs during the first inspiration many of these 
cells change into the large transparent scales', in order 
to make up for. the increment of surface. A lung 
expanded ad maximum shows much fewer or none of 
the small polyhedral cells ; while a lung that is col- 
lapsed shows them in groups in the infundibula, 
and isolated or in twos or threes in the alveoli 

293. (5) The circular coat of non-striped muscular 
tissue of the terminal bronchiole is continued as a con- 
tinuous circular coat — but slightly thinner — on the 
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alveolar ducts or infundibula, in their whole extent, 
but not beyond them, i.e., not on the air-cella. 

(e) The adventitia of elastic networks is oon- 
tinued on the infundibula, and thence on the air- 
oetla, where they form an essential part of the wall 
of the alveoli, being its framework. 

Amongst the network of elastic fibres forming 
the wall of the alveoli is a network of branched con- 
nective tissue cells, contained as usual in similarly 
shaped branched lacume, which are the radicles <^ 
the lymphatic vessels. 

294. Tbe blood-vessels and lymphadcK.— 
The branohes of the pulmonary artery and veins 
are contained within the connective tissue separat- 
ii^ the lobes and lobules, whence they oan be 
traced into 
their finer 
ramifications 
towards the in- 
fundibula and 
air-cells. Each 
of these latter 
is surrounded 
by a sort of 
basket - shaped 
dense network 
of capillary 
blood - vessels 
{Fig. 129). The 
capillary net- 
works of adja- Fig. 1S».— Ketvorks of Cuiillu? Blood-twUlii 

cent alveoli are (Ka^^f "^ ^'""f <" *« H""^ ^"s- 

continuous 

with one another, and stand in communication on the 

one hand with a branch of the pulmonary artery, and 

on the other with branches of the pulmonary vein. 

The branches of the bronchial artery belong to the 
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broncbial walls, which are supplied by them wifQi 
capillary networka 

The lacmiflB and canaliculi in the wall of the alyeoli, 
mentioned above, are the rootlets of lymphatic vessels, 
which accompany the pulmonary vessels, and form a 
network around them ; these are the deep lymphatics, 
or the 'pervwjacfula/r lympliatics. They are connected 
also with the networks of lymphatics surrounding the 
bronchi, t.0., the perUyronchial lymphcUies. The root- 
lets of the superficial air-cells empty themselves into 
the mthpleu/ral plexua of lymphatics, a rich plexus of 
large lymphatics 'with valves. All these lymphatics 
lead by large trunks into the bronchial lymph glands. 

295. Between the flattened transparent epithelial 
cells lining the alveoli are minute openings, stomata 
(Fig. 128), leading from the cavity of the air-cells into 
the lymph lacunae of the alveolar wall. These stomata 
are more distract during expansion, *.«., inspiration, 
than in the collapsed stata Inspiration, by its ex- 
panding the lungs, and consequently also the lym- 
phatics, favours greatly absorption. Through these 
stomata, and also through the interstitial cement 
substance of the lining epithelium, formed particles 
— such as soot particles of a smoky atmosphere, 
pigment artificially inhaled, cellular elements, such 
as mucus or pus corpuscles, that have been car- 
ried into the alveoli from the bronchi by natural 
inspiration, germ-particles, &a, find their way into 
the radicles of the lymphatics ; thence into the peri- 
vascular and sub-pleui^ lymphatics, and finally into 
the bronchial glands. 



CHAPTER XXIX. 

THE SPLBBN. 

296. Thb capnde enveloping the spleen is a 
serous membiaoe — tlie peritoneum. It iB a oonnecUTS 
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deep part of the capsule conbusB fmndlet of non-siriped 
vitucular fUwue fonning ptexusee. In man the bundles 
are relatively thin, but in some mammals — e.g., ' 
dog, pig, horse — they are continuoos massee arranged 
sometimes as a deep longitudinal and a superficial 
circular layer. 

In connection with the capsule are the trabecule 
(Fig. 1 30). These are microscopical, thicker or thinner 
cylindrical bands branching and anastomosing, and 
thus making a framework in which the tissue of 
the spleen is contained. Towards the hilum the 
ti^beculte are laiger, and they form there a continuity 
with the connective tissue of the hilum. They are 
the carriers of the large vascular branches. The 
trabeculfe in the human spleen consist chiefly of 
fibrous tissue with an admixture of longitudinal non- 
striped muscular 
tissue. This ia 
more pronounced 
in the dog, horse, 
pig, guinea-pig, in 
which the trabe- 
cule, are chiefly 
composed of non- 
striped muscular 
tissue. Following 
a small trabecule 
*"**■ ^T*"*!^ V?*=""?...*S'**' ^^ after it ^ gi™n 

Pnlp ot the 8pl«" of 1*" ^B- a. e i 

•,1*mob™ii«i nf tte moKulnr trabffuliti ^^ f™™ * larger 

iS«r*(A"t»S ""*"'* «""■" «riom branching into 

still smaller ones, 
which ultimately lose themselves amongst the elements 
of that part of the spleen tissue called spleen pulp 
(Fig. 131). 

The meshes of the network of the trabecule are 
filled up with the parenchyma. This consiste of two 
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kinds of tissues : (a) the Malpighian corpuscles ; and 
{b) the pulp tissue. 

297. The irialpigliiaii corpuscles are masses 
of adenoid tissue connected with the branches of the 
splenic artery. Following the chief arterial trunks as 
they pass in the big trabeculse towards the interior 
of the spleen, they are seen to give off numerous 
smaller branches to the spleen parenchyma ; these are 
ehsheathed in masses of admoid tissue which are 
either cylindrical or irregularly-shaped, and in some 
places form oval or spherical enlargements. These 
sheaths of adenoid tissue are traceable to the end of 
an arterial branch; and in the whole extent the 
adenoid tissue or Malpighian corpuscle is supplied by 
its artery with a network of capillary blood-vessels. * 

298. The rest of the spleen parenchyma is made up 
of the pulp. The matrix of this is a honeycombed, 
spongy network of fibres and septa, which are the 
processes and bodies of large, flattened, endotheloid 
cells, each with an oval nucleus. In some, especially 
young, animals, some of these cells are huge and 
multinucleated. The spaces of the honeycombed tissue 
are of different diamete^, some not largerthan a blood 
corpuscle, others large enough to hold several All 
spaces form an intercommunicating system. The 
spaces contain nucleated lymph corpuscles, more or 
less connected with and derived from the cell plates 
of the matrix. But they do not fill the spaces, so 
that some room is left, large enough to allow blood 
corpuscles to pass. 

The spaces of the honeycombed pulp matrix are in 
communication, on the one hand, with the ends of the 
capillary blood-vessels of the Malpighian corpuscles, 
and, on the other, they open into the venous radicles 
or sinuses (Fig. 132), which are oblong spaces lined 
with a layer of more or less polyhedral endothelial cells. 
These sinuses form networks, and lead into the large 
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venous branches passing in the big trabecule to the 
hilum. The venous sinuses in man and ape possess a 
special adventitia fonned of circular elastic fibrils. 
Not all arterial branches are ensheathed in 
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Malpighian corpuscles ; some few fine arterial branches 
open directly into the spaces of the pulp matrix, being 
invested in a peculiar reticular or concentrically ar- 
ranged cellular tissue (not adenoid). These are the 
capillary sheaths of Schweigger Seidel. 

299. The blood passes then from the arterial 
branches through the capillaries of the Malpighian 
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corpuscles, whence it travels into the labyrinth of 
minute spaces in the honeycombed pulp matrix ; 
thence it passes into the venous sinuses, and finally 
into the venous trunks. The current of blood on its 
passage through the pulp tissue becomes, therefore, 
greatly retarded. Under these conditions numerous 
red blood-corpuscles appear to be taken up by the 
cells of the pulp, some of which contain several 
in their interior. In these corpuscles the blood-discs 
become gradually broken up, so that, finally, only 
granules and small clumps of blood-pigment are left 
in them. The presence of blood-pigment in the cor- 
puscles of the pulp is explained in this way ; and it is 
therefore said that the pulp tissue is a destrdyer of 
red blood-corpusclea 

The pulp tissue is most probably the birthplace of 
colourless blood-corpuscles ; and according to Bizzozero 
and Salvioli it is also the birthplace of red blood- 
corpuscles. 

The lymphatics form plexuses in the capsule 
(Tomsa, Kyber). These are continuous with the plexus 
of lymphatics of the trabeculss ; and these again with 
the plexus bf lymphatics in the adventitia of the 
arterial trunks. 

Norv^ieduUated nerve-fibres have been traced along 
the arterial branches. 



CHAPTER XXX. 

THE KIDNEY, URETER, AND BLADDER. 

300. A. The fkramework. 

The kidney possesses a thin investing capsule com- 
posed of fibrous tissue, more or less of a lamellar 
arrangement. Bundles of fibrous tissue pass with 
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blood-vessels between the deeper part of the capsule 
and the parenchyma of the periphery. According 
to Eberth, a plexus of non-striped muscle cells is 
situated underneath the capsule. 

The ureter entering the hilum enlarges into the 
pelvis of the kidney, and with its minor recesses or 
prolongations forms the calice& Both the pelvis and 
the calicos are limited by a wall which is a direct con- 
tinuation of the ureter. The internal free surface is 
lined with stratified transitional epithelium. Under- 
neath the epithelium is a fibrous connective tissue 
membrane (the mucosa), containing the networks of 
capillaty blood-vesse]s and fine nerve-fibres. Outside 
the mucosa and insensibly passing into it is the 
loose-textured submucosa, with groups of fat colls. 
There are present in the sub-mucosa bundles of 
non-striped muscular tissue, continued from the 
ureter, in the shape of longitudinal and circular 
bundles. 

In the pelvis of the kidney of the horse small 
glands (simple or branched tubes), lined with a single 
layer of coliminar epithelial cells, have been observed 
by Paladino, Sertoli, and Egli. The last-named 
mentions also that in the pelvis of the human kidney 
there are gland-tubes similar in structure to sebaceous 
follicles. 

301. The large vascular trunks enter, or pass from 
the tissue of the calices into the parenchyma of the 
kidney between the cortex and medulla, and they are 
accompanied by bundles of fibrous connective tissue 
and here and there a few longitudinal bundles of non- 
striped muscular tissue. 

In the parenchyma there is a very scanty 
fibrous connective tisslie, chiefly around the Mal- 
pighian corpuscles and around the arterial vessels, 
especially in the young kidney. In the papillse there 
is relatively a great amount of fibrous tissue. On 
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the surface of the papillse (facing the calices) there 
is a continuous layer of fibrous tissue, and this on 
its free surface is covered with stratified transitional 
epithelium. 

The parenchyma of the kidney consists entirely of 
the urinary tubules and the intertubular blood-vessels, 
and there is an interstitial or intertubular connecti^ 
tissue framework in the shape of honeycombed hyaline 
membranes with flattened nucleated branched or 
spindle-shaped cells* The meshes of the honeycomb 
are the spaces for the urinary tubules and blood- 
vessels. 

302. B. The parencliynia. — ^I. The wrina/ry 
tubules (Fig. 133). — In a transverse or longitudinal 
section through the kidney we notice the cortex^ the 
boundary la/yer of Ludwig and the papillary portions, 
the last terminating in the corneal paptUoe in the cavity 
of the calices. 

The boundary layer and the papillary portion 
form the medulla. A papilla with the papillary 
portion and boundary layer, continuous with it, con- 
stitute a Malpighian pyramid. The relative propor- 
tion of the thickness of the three parts is about 3*5 
cortex, 2 5 boundary layer, and 4 papillary portion. 

303. The cortex consists of vast numbers of con- 
voluted tubules with their csecal origin, the Mal- 
pighian corpuscle ; this is the labyrinth separated into 
vertical divisions of equal breadth by regularly disposed 
vertical straight strisB originating a short distonce from 
the outer capsule, and radiating towards the boundary 
layer which they enter. Each of these striss is a bundle 
of straight tubules, and represents a medullary ray. 
The boundary layer shows a uniform longitudinal stria- 
tion, in which opaque and transparent strisB alternate 
with one another. The opaque striae are continuations 
of the medullary rays, the transparent striae are 
bundles of blood-vessels. 
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The papillaiy portion is uniformly and longi- 
tudinally striated. 

Tracing a medullary ray from the boundary layer 
into the cortex, it is seen that its breadth gradually 
diminishes, and it altogether ceases at a short distance 
from the outer capsule. A medullary ray is, con- 
sequently, of a conical shape, its apex being situated 
at the periphery of the cortex, its base in the 
boundary layer. Such a pyramid is called a 'pyraraid 
of Ferrevn. * 

304. All urinary tubules commence as convoluted 
tubules in the part of the cortex named the 
labyrinth, but not in the medullary rays, with a 
csecal enlargement called a Malpighian corptiscle, and 
terminate — Shaving previously joined with many other 
tubules into larger and larger ducts — at one of the 
many minute openings or mouths at the apex of a 
papilla. On their way the tubes several times alter 
their size and nature. 

From its start to its end there is a continuous 
fine membrana propria forming the boundary wall 
of the urinary tubule, and this membrana propria is 
lined with a single lay&r of epithslicU cells differing in 
size, shape, and structure &om place to place; in 
the centre of the tubule is a lumeUy differing in size 
according to the size of the tubule. 

305. (1) Each Malpighian corptiscle (Fig. 134) 
is composed of the capsiile — ^the capsule of Bowman — 
and ^e glomervlus, or Malpighian tuft of capillary 
blood-vessels. 



A. Oortez limited on its free gnrface by the capRuIe ; a, BUbcapBular layer not 
containing Malpighian corpuaclea: a', inner stratnm of cortex without 
Malpighian corpascles; b, boundary layer; o, papillary part next the 
boundaiy layer ; l. Bowman's capeole : S. neck of capsule : s, proximal con- 
voluted tube ; 4, spiral part ; 6, descending limb of Henle's loop-tube ; •» 
the loop Itseli ; 7, 8, and 9, the ascending limb of Henle's loop-tube ; VH. the 
irregular tnbnle ; 11, the distal convoluted tubule; is, the first part of the 
collecting tnbe ; 18 and 14, larger collecting tube ; in the papilla itself, not 
represented here, the collecting tube joins others, and forms the duct. 
Utias.) 
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The oapeuie of Bowman is a hyiiliiie membrana 
propria, supported, as mentioned above, by a email 
amount of connective tissue. On its inner surface 
l^ere ia a continuous layer of nucleated epithelial 
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cells, in the young state of polyhedral shape, in tiie 
adult state squomouB. 

The glo'merviut is a network of convoluted 
capillary blood-vessels, separated from one another 
by scanty connective tissue, chiefly in the shape 
of a few connective tissue oorpuscleB, The capil- 
laries are grouped together in two to five lobules. 
The whole surfece of the glomerulus is lined with 
a delicate membrana propria, and a continuous layer 
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of nucleated epithelial cells, polyhedral, or even 
coluziumr in the young, squamous in the adult state. 
The membrana propria and epithelium dip in, of 
course, between the lobules of the glomeridus, and 
represent in reality the visceral layer of the capsule 
of the Malpighian coi^uscle, the capsule of Bowman 
being the parietal layer. The glomerulus is connected 
at one pole with an afferent and efferent arterial 
vessel, the former being the larger. 

Between Bowman's capsule and the glomerulus 
there is a space, the size of which differs according 
to the state of secretion, being chiefly dependent on 
the amount of fluid present 

The Malpighian corpuscles are distributed in the 
labyrinth of the cortex only, with the exception of a 
thin peripheral layer near the outer capsule, and a 
still thinner layer near the boundary layer. The 
Malpighian corpuscles near the boundary layer are the 
largest, those near the periphery the smallest; in 
the human kidney their mean diameter is about y^ 
of an inch. 

306. On the side opposite to that where the 
afferent and efferent arterioles join the glomerulus, 
the capsule of Bowman passes through a narrow neck 
into the cylindrical urinary tubule in such a way, 
that the membrana propria and epithelium of the 
capsule are continued as the membrana propria and 
lining epithelium of the tubule respectively, and 
the space between the capsule of Bowman and 
the glomerulus becomes the cavity or lumen of the 
urinary tnbule. 

307. (2) After it has passed the neck, the urinary 
tubule becomes convoluted ; this is the proximal con- 
voluted tubule (Fig. 135). It is of considerable length 
and is situated in the labyrinth. It has a distinct 
lumen, and its epithelium is a single layer of polyhedral 
or short, columnar, angular, or club-shaped cells, each 
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with a spherical nuclens. Theee cells commence gene- 
rally at the neck, but in acme animals — «.g., in the 
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mouse — they already have begun in the Malpighion 
corpuscle. The outer part of the cell protoplasm — i*, 
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next the membrana propria— is distinctly striated, 
owing to the presence of rod-shaped fibrils (Heiden- 
hain) vertically arranged. The inner part of the cell 
substance — t.e., between the nucleus and the inner 
free margin — appears granular. Epithelial cells the 
protoplasm of which possesses the above rod-shaped 
fibrils, will in the following paragraphs be spoken of 
as fibrillated cells. 

The proximal convoluted tube appears sometimes 
thicker than at other times ; in the first case, its 
lumen is smaller, but its lining epithelial cells are 
distinctly more columnar. This state is probably con- 
nected with the state of secretion. 

308. (3) The convoluted tube passes into the 
spiral tubule (Schachowa). This differs irom the 
former in being situated not in the labyrinth, but in 
fif medullary ray, in which it forms one conspicuous 
element, and in not being convoluted, but more or 
less straight, slightly wavy, and spiral. Its thickness 
and lumen are the same as in the former ; its 
epithelium is a single layer of polyhedral cells, with 
distinct indication of fibrillation. 

309. (4) Precisely at the line where the cortex 
joins the boundary layer, the spiral tube becomes 
suddenly greatly reduced in thickness ; it becomes at 
the same time very transparent; its lumen is distinct; 
its membrana propria is now lined with a single 
layer of scales, each with an oval flattened nucleus. 
This altered tubule is the descending loop-tube of 
Henle, and it pursues its course in the boundary 
layer as a straight tubule, in the continuation of the 
medullary ray. 

In aspect and size this part of the urinary 
tubule resembles a capillary blood-vessel, but differs 
from it inasmuch as, in addition to the lining layer 
of flattened epithelial cells, it possesses a membrana 
propria. 



238 Elements of Histology. [Chap.xxx. 

310. (5) The so formed descending Henle's loop- 
tube passes the line between the boundary laypr 
and papillary portion, and having entered this 
latter pursues itis course for a short distance, when 
it sharply bends backwards as the loop of Henle's 
tube ; it now runs back towards the boundary layer, 
and precisely at the point of entering this becomes 
suddenly enlarged. Up to this point the structure 
and size of the loop are exactly the same as those of 
the descending limb. 

311. (6) Having entered the boundary layer it 
pursues its course in this latter to the cortex in a 
more or less straight direction within the medullary 
ray as the ascending hop-tube. Besides being bigger 
than the descending limb and the loop, its lumen 
is comparatively smaller, and its lining epithelium 
is a layer of polyhedral, distinctly fibrillated 
epithelial cells. The tube is not quite of the same 
thickness all along the boundary layer, but is broader 
in the inner than in the outer half ; besides, the tube 
is not quite straight, but slightly wavy or even 
spiral. 

(7) Having reached the cortex, it enters this as the 
cortical pa/rt of the ascending loop-tyhe^ forming one 
of the tubes of a medullary ray; it is at the same 
time narrower than in the boundary layer, and is 
more or less straight or wavy. Its lumen is very 
minute, its lining ceUs are flat polyhedral with a 
small flattened nucleus, and there is an indication of 
fibrillation (Fig. 135). 

(8) Sooner or later on its way in the cortex in 
a medullary ray it leaves this latter to enter the 
labyrinth, where it winds between the convoluted 
tubes as an angular irregular tvhule (Fig. 135). Its 
shape is very irregular, its size alters from place 
to place, its lumen is very minute, its epithelium a 
layer of polyhedral, pyramidal, or short columnar cells 
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— according to the thickness of the tube ; each cell 
possesses a flattened oval nucleus next to the lumen, 
and a very coarsely and conspicuously flbrillated pro- 
toplasm. 

312. (9) This irregular tubule passes into the 
d/istal convolved tvhule or intercalated tubule of 
Schweigger SeideL This forms one of the convoluted 
tubes of the labyrinth, and in size, aspect, and 
structure, is identical with the proximal convoluted 
tubule. 

(10) The distal convoluted tube passes into a 
short, thin, more or less cwrved or wavy collecting 
tvhvZe, lined with a layer of transparent, flattened, 
polyhedral cells ; this is still contained in the laby- 
rintL 

(11) This leads into a somewhat larger straight 
collecting tyhe^ lined with a layer of transparent poly- 
hedral cells and with distinct lumeiL This tube 
forms part of a medullary ray, and on its way to the 
boundary layer takes up from the labyrinth numerous 
curved collecting tubules. 

(12) It then passes unaltered as a sf/raight collect- 
ing tttbe through the boundary layer into the papillary 
portion. 

313. (13) In this part these tubes join under acute 
angles, thereby gradually enlarging. They run in a 
straight direction towards the apex of the papilla, 
and the nearer to this the fewer and the bigger they 
become. These are the ducts- or tubes of Bellini. 
They Anally open on the apex into a calix. The lumen 
and the size of the lining epithelial cells — viz., whether 
more or less columnar — are in direct relation to the size 
of the collecting tube. The substance of the epi- 
thelial cells is a transparent protoplasm, and the 
nucleus is more or less oval. 

314. In many places nucleated cells, spindle- 
shaped or branched, can be traced from the membrana 
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propria of the tubule between the lining epithelium ; 
and, in some cases, even a delicate nucleated membrane 
can be seen lining the surface of the epildielium next 
the lumen. In the frog, the epithelium lining, the 
Malpighian corpuscles, and the exceedingly long neck 
of the urinary tubule, are possessed of long filamentous 
cilia, rapidly moving during lif& In the neck of 
some of the urinary tubules in mammals there is 
also an indication of cilia to be noticed. 

Heidenhain has shown that indigo- sulphate of 
sodium, injected into the circulating blood of the dog 
and rabbit, is excreted through certain parts of the 
urinary tubules only — ^viz., those which are lined 
with '* fibrillated" epithelium. He maintains that 
this excretion is effected through the cell sub- 
stance \ but, in the case of carmine being used as 
pigment, I have not found the excretion to take place 
through the substance of the epithelial cells, but 
through the homogeneous interstitial or cement sub- 
stance heiween the epithelial cells. 

315. II. The blood-vessels (Fig. 136). 

The large branches of the renal artery and vein 
are situated in the submucous tissue of the pelvis, 
and they enter, or pass out respectively from, the part 
of the parenchyma coiTesponcQng to the junction of 
the cortex and boundary layer, where they follow a 
more or less horizontal course, and give off, or take up 
respectively, smaller branches to or from the cortex 
and medulla. 

(1) In the cortex the arterial trunks give off to 
the cortex small branches, which singly enter ths 
labyrinth in a direction vertical to the surface of the 
kidney. These are the interlobuta/r a/rteries. Each of 
these, on its way towards the external capsule of the 
kidney, gives off, on all sides of its circumference, 
shorter or longer lateral branches; these are the 
afererU arterioles for the Malpighian corpuscles, each 
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one entering a Malpighian. 
corpuscle and breaking up 
into the capillaries of the 
glomerulua. 

On its way towards 
the external capsule, the 
interlobular arteries be- 
come greatly reduced, and 
finally enter the capillary 
network of the most peri- 
pheral part of the cortex ; ' 

but some of ^ese arterioles ^ 

may be also traced into the 
outer capeule, where they 
become connected with the 
capillary networks of this 
latter. The efferent vessel ^ 
of a Malpighian glome- 
rulus at once breaks up 
into a dense network of 
capillary blood - vessels, 
which entwine in all pos- 
sible directions the urinary 
tnbules of the labyrinth. 
This network is oontiaued 
with that of capillaries of 
the medullary rays, tite 
meshes being tiiere elon- 
gated, and the capillary 
blood-vessels, for obvious 
reasons, more of a straight 






24> Elements of Histology, [ciiai». xxx. 

arrangement The capillaxieB of tlie whole tx>rteK 
form one continuous network. 

316. The Teins which take up the blood from this 
network are arranged in this manner : — There ai!« 
formed venous vesseb underneath the external 
capsule, taking up like rays on all sides, minute 
radicles connected with tlie capillarieB of the soost 
peripheral part of the cortex. These are the n&nm 
stellium; they pass into the labyrinth of the 
cortex, where they follow a vertical course in 
company with the interlobular arteries. On the 
way they communicate with the capillaries of the 
labyrinth, and ultimately open into the lai^ 
venous branches situated between cortex and boun- 
dary layer. 

317. (2) In the medulla. From the large arteiial 
trunks short branches come off, which enter the 
boundary layer, and there split up into a bundle 
of minute arterioles, which pass in a siaui^t diree- 
tion vertically through the boundary layer into ihe 
papillary portion. These are the arterios recUiR 
(ilg. 136). The number of vessels of each bundle 
is at the outset increased by the eflS&r^it vessel of 
the Malpighian corpuscles nearest to the boundary 
layer. 

On their way through the boundary layer, and 
through the papillary portion of Uie medulla, 
these arterioles give off the capillary netwcnrk for 
the urinary tubules of these parts, the network, 
for obvious reasons, possessing an elongated arrange- 
ment. 

From this network originate everywhere minute 
veins, which on their way towards the coiijical margin 
increase in size and number ; they form also bundles 
of straight vessels — venoB rectce — and ultimately enter 
the venous trunks situated between the boundary 
'ayer and cortex. 
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The bundles of the arteriae rectse and Ten® 
lectaB form severally, in the boundary layer, the 
transparent strife mentioned on a previous page as 
alternating with the opaque striie, these latter being 
bundles of urinary tubules. 

At the apex of each papilla there is a network 
of capillaries around the mouth of each duct. 

318. The outer capsule of the kidney contains a 
network of capillary blood-vessels ; the arterial 
branches leading into them are derived from two 
sources : (a) from the outrunners of the interlobular 
arteries of the cortex, and (6) from extrarenal arteries. 
The veins lead (a) into the vense stellatse, and (6) the 
extrarenal veins. 

The lymphatic vessels form a plexus in the capsule 
of the kidney. They are connected with lymph 
spaces between the urinary tubes of the cortex. 
^e large blood-vessels are surrounded by a plexus of 
lymj^atics, which take up lymph spaces between the 
urinary tubules, both in the cortex and the boundary 
layer. 

319. The ureter is lined with stratified transi- 
tional epithelium. Underneath this is the mucosa, 
a connective tissue membrane with capillary blood- 
vessela The submucosa is a loose connective tissue 
Then follows a muscular coat composed of non- 
striped muscular tissue, arranged as an inner and 
outer longitudinal cmd a middle circular coat. Then 
follows an outer limiting thin fibrous coat or adventitia. 
In this last have been observed minute ganglia in 
connection with i^e nerve branches. 

320. The bladder is similar in structure, but the 
mucous membrane and muscular coat are veiy much 
thicker. In the latter, which consists of non-striped 
fibres, are distinguished an inner circular, a middle 
oblique, and an outer longitudinal stratum. The 
last is best developed in the fundus. 
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Numerous sympathetic ganglia, of various sizes, 
are found in connection with the nerve branches un- 
derneath the adventitia (peritoneal covering), and in 
the muscular coat (F. Darwin). The epithelium lining 
the bladder is stratified transitional, and it greatly 
varies in the shape of its cells and their stratification, 
according to the state of expansion of the bladder. 



CHAPTER XXXI. 

THE HALE GENITAL ORGANS. 

321. (1) The testis of man and mammals is en- 
veloped in a capsule of white fibrous tissue, the tunica 
adruUa. This is the visceral layer of the tunica 
vaginalis. Like the parietal layer, it is a serous 
membrane, and is therefore covered with endo- 
thelium. Minute villi are occasionally seen pro- 
jecting from this membrane into the cavity of 
the tunica vaginalis. These villi are generally 
covered with germinating endothelium (see par. 33). 
Inside the tunica adnata, and firmly attached to 
it, is the tunica albuginea, a fibrous connective 
tissue membrane of lamellar structure. Towards 
the posterior margin of the human testis its thick- 
ness increases, and forms there a special accumu- 
lation — ^in cross section more or less conical, with 
posterior basis — the mediastinum testis, or corpus 
Highmori 

Between the tunica adnata and tunica albuginea 
is a rich plexus of lymphatics, which, on the one hand, 
takes up the lymphatics of the interior, and on the 
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other leads into the efferent vessels that accompany 
the vas deferens. 

The testis of the dog, cat, bull, pig, rabbit, &c., 
have a central corpus Highmori ) that of the mole, 
hedgehog, and bat a peripheral one ; while that of the 
rat and mouse have none (Messing). 

322. The fi*ainei¥ork» — From the anterior 
margin of the corpus Highmori spring numerous 
septa of connective tissue, which, passing in a radiat- 
ing direction towards the albuginea, with which they 
form a continuity, subdivide the testis into a large 
number of long, conical compartments, or lobules, 
the basis of which is situated at the tunica albu- 
ginea, the apex at the corpus Highmori Kolliker 
mentions that non-striped muscular tissue occurs in 
these septa. 

From these septa thin connective tissue lamellae 
pass into the compartments, and they form the sup- 
porting tissue for the blood-vessels and also represent 
the interstitial connective tissue between the seminal 
tubules. 

This intertubular or interstitial tissue is distinctly 
lamellated, the lamellae being of different thicknesses, 
and consisting of thin bundles of fibrous connective 
tissue — arranged more or less as fenestrated mem- 
branes — ^and endotheloid connective plates on their 
surface. Between the lamellae are left spaces, and 
these form, through the fenestrae or holes of the 
lamellae, an intercommunicating system of lymph 
spaces — being, in fact, the rootlets of the lymphatics 
(Ludwig and Tomsa). 

Within the lamellae are found peculiar cells, 
which are much larger than lymph-cells, and which, in 
some instances {e.g.j guinea-pig), include pigment 
granules. They contain a spherical nucleus. In man, 
in dog, cat, sheep, especially boar, these cells form 
large, continuous groups — plates and cylinders — ^and 
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the cells are polyhedral, and exactly aiinilar to epithe- 
lial cella. l^ey ore separated from one another within 
the group by a thin interstitial oement-aubstance. 
Thrar resemblance vith epithelium is complete. They 
are remnants of the epithelial masaes irf the Wolffian 
body of the foatua 

323. The senlmU tBknle* (Fig. 137). — 
Within each compartm^iti, above mentioned, lie 



F(j, IS7.— From a. Section Oiroiwlj tbe lestH ol 

num^'ons tett^nal tuhultt, twisted and conrolnted 
in many Trays, and extending from the peritAery to 
near the corpus Highmorl The tubnles, aa a rale, 
are rarely branched ; but in the young state, and 
especially towards the periphery, branching is not aor 



Each seininal tubule consists of a membrana pro- 
pria, a lining epithelium, and a lumen. The mem- 
brana propria is a hyaline membrane, with oval nuclei 
at regular intervals. In man it is thick and lamel- 
lated, several such nucleated membranes being supor- 
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imposed oTBr one another. The lumen is in aH tubes 
disidnct and relatively lai^. The lining epithelium, 
or the seminal celhy differ in the adult in different 
tubules, and eren in different parts of the saane tubule, 
being dependent on the state of secretion. 

324. Before puberty all tubules are uniform in 
this respect, being lined with two or three layers of 
polyhedral epithelial cells, each with a spherical 
nucleua After puberty, however, the following 
different types can be distinguished : — 

(a) Tubules or parts of tubules similar to those 
of the young state — ^viz., several layers of polyhedral 
epithelial cells lining the membrana propria. These 
are considered as (a) the outer and (6) the inner 
seminal cells. The former are next to the membrana 
propria; they are polyhedral in shape, transparent, 
and the nucleus of some of them is in the process 
of karyokinesis or indirect division (see par. 8) ; 
others include an oval transparent nucleua The 
inner seminal cells generally form two or three layers, 
and are more loosely connected with one another than 
the outer seminal cells, and therefore possess a more 
rounded appearance. Between these a nucleated reti- 
culum of fine fibres ss sometimes noticed, 1^ germ 
reticulum of von Ebner. But this is merely a support- 
ing tissue,, and has nothing to do with the germina- 
tion of the cells or the spermatozoa (Merkel). The 
imager seminal oeUs show yexj abundantly the process 
gS. indirect division or karyokiBens, almost aU being 
seen in one or other phase of it. 

325. In consequence of this, numerowr small 
spherical daughter-cells are formed ; these lie nearest 
^e lumen, and are very loosely connected with one 
another. It is these which ape transfonned into sper- 
matozoa, and hence are appropriately called spermato- 
blatta (Fig. 137). 

Amongst the seminal cells, especially of eat and 
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dog, are found occasioDally, but not vet? oommonlj, 
large mvltmuclear cells, the nuclei of whick are also 
in one or the other stage of karyokineaia. 

(b) The iimenaost cells, i.e., the apennatobiasts, 
become pear-shaped, the nucleus being situated at tlie 



a.".-? 






thinner extremity, becoming at the same time flattened 
and homogeneous (Fig. 138). The elongation of the 
spermatoblasts gradually proceeds, and in consequence 
of this we find numerous elongated, club-shaped sper- 
matoblasts, each "with a flattened nucleus at the thin 
end. These are the young spermatozoa, the nucleated 
extremity being the head. 

(o) At the same time these young spermatozoa 
become grouped together by an interstitial granular 
substance, in peculiar fan-shaped groups ; in these 
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groups the head, — i.e., the thin end containing the 
flattened homogeneous nucleus, — is directed towards 
the inner seminal cells, while the opposite extremity 
is directed into the lumen of the tube. Meanwhile 
the inner seminal cells continue to divide, and thus 
the groups of young spermatozoa get more and more 
buried, as it were, between them. 

326. The original cell-body of the spermatoblasts 
goes on elongating until its protoplasm is almost, but 
not quite, used to form the rod-shaped middle piece 
(Schweigger Seidel) of the spermatozoa; from the 
distal end of this, a thin long hair-like filament, called 
the tail^ grows out. Where this joins the end of the 
middle piece, there is, even for some time afterwards, 
a last remnant of the granular cell-body of the original 
spermatoblast to be noticed. 

Whe^ the granular interstitial substance holding 
together the spermatozoa of a group has become dis- 
integrated, the spermatozoa are isolated. While this 
development of the spermatozoa goes on, the inner 
seminal cells continue to produce spermatoblasts, 
which in their turn are converted into spermatozoa. 

327. Spermatozoa (Fig. 139).— Fully formed 
spermatozoa of man and mammals consist of a homo- 
geneous flattened and slightly convex-concave head (the 
nucleus of the original spermatoblast), a rod-shaped 
middle piece (derived directly from the cell body of 
the spermatoblast), and a long hair-like tail, Wliile 
living, the spermatozoa show very rapid oscillatory and 
propelling movement, the tail acting as a flagellum or 
cilium ; its movements are spiral 

In the newt there is a flne spiral thread 
attached to the end of the long, curved, spike-like 
head, and by a hyaline membrane it is flxed to the 
middle piece ; it extends beyond this as the long thin 
taiL Also in the mammalian and human sperma- 
tozoa, a similar spiral thread, closely attached to the 
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middle pieoe^ and terminating as tke tail, has been ob- 
Bwred (H. Gibbe8)L 

328. The seminal tubules <A each compaarteeiirt 
or lobule empty themselres into a short, more or less 
straight^ tubule — ^thet^^w rectum. This is narrower 




Fig. 189.— Various kinds of Spermatosoa. 

▲. Bpemuttocoon of rulnea-pig not yet completely ripe ; b, the nine men side- 
"wayB, the taeeA of the ■pennstoioon is flAttened from side to eide; c a 
spennatoaoon of the hone ; d» a spermatozoon of the newt. 

than the seminal tubule, and is lined with a single 
layer of polyhedral or short columnar epithelial cells. 
The vasa recta form, in the corpus Highmori, a dense 
network of tubular channels, which are irregular in 
diameter, being at one place narrow clefts, at another 
wide tubes, but never so wide as the seminal tubules; 
*hi8 network of channels is the rete testis. 

929. (2) The epidtdymis. — From the rete testis 
we pass into the vasa ^erenitia^ each being a tube 



Chip.xxxi.] The Male Genital Orcass. 151 

wider than thoa© of the rete testis, and each leading into 
a conical network of coiled tubes. These are the coni 
voiculoti. The sam total of all the coni vascnloai 
forms the globus major or head of the epididyiniB. 

330. The vasa efferentia and the tubes of the 
coni vasculosi are about the size of the seminal 
tubules, but, unlike them, are lined irith a layer of 
beautiful columnar epithelial cells, with a bundle ot 
dlia (Fig. 140). Outside 
these is genenjlj a layer, 
more or less continuous, of 
small polyhedral cells. The 
substance of the columnar 
cells is distinctly longitudi- 
nally fibrillated. The mem- 
brana propria is thickened 
by the presence of a cir- 
cular layer of non-striped 
muscular fibres. The rest, 

i.e., the globus nrinor, or rto.iw.-AtnbniBofiheept 
tail of the epididymis, is aannis in cro» looUon. 
madenp of a continuation '^mlf^r "t'^^^SiS^^ 
of the tubes of the globus JiSS^'^SSKSrTrtSSLrSffl 
major, the tabes diminish- ".'^KSSlfCy^.StuEr 
ing gradually in number by 

Aision, and at the same time thereby becoming larger. 
The colntnnar epithelial cells, facing the lumen of the 
tubes of the globus minor, are possessed of cilia of 
nnnsnal length. 

The tubes of the epididymis are separated from 
one another by a larger amount of connective tissue 
than those of the testis. 

The tabes of the organ of GiraldS, situated in 
the beginning of the funiculus spermaticus, are lined 
with columnar ciliated epithelium. So is also the 
pedunculated hydatid of Morgagni attached to the 
^obua major. 
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331. The seminal tubules and the tubes of the 
epididymis are entwined by a rich, network of 
capillary blood-vessels. Between the tubes of the 
testis and epididymis are lymph spaces, forming an 
intercommunicating system, and emptjdng themselves 
into the superficial networks of lymphatics, ia., those 
of the albuginea ; the arrangement of these networks 
IB somewhat different in the testis and epididymis. 

332. (3) Tas deferens and Fesicnlee seml- 
nales* — ^The tubes of the globus minor open into the 
vas deferens. This is of course much laiger than 
the former, and is lined with stratified columnar 
epithelium. Underneath this is a dense connective 
tissue mucosa, containing a rich network of capillary 
blood-vessels. Beneath this mucosa is a thin sub- 
mucous tissue, which in the Ampulla is better de- 
veloped than in other parts, and therefore allows the 
mucous membrane to become folded. Outside the sub- 
mucous tissue is the muscular coat, which consists of 
non-striped muscular tissue, arranged as an inner 
circular and an outer longitudinal stratum. At the 
commencement of the vas deferens there is in addition 
an inner longitudinal layer. There is finally a fibrous 
tissue adventitia. This contains longitudinal bundles 
of non-striped muscular tissue, known as the cremaater 
internits (Henle). A rich plexus of veins — plexus 
pampinif ormis — and a rich plexus of lymphatic trunks, 
are situated in the connective tissue of the spermatic 
cord. The plexus spermaticus consists of larger and 
smaller nerve-trunks, with which are connected small 
groups of ganglion cells and also large ganglionic 
swellings. 

333. In the vesiculcB seminales we meet with 
exactly the same layers as constitute the wall of the 
vas deferens, but they are thinner. This refers espe- 
cially to the mucosa and the muscular coat The 
former is placed in numerous folds. The latter con- 
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Bists of an inner and outer longitudinal and a middle 
circular stratum. The ganglia in connection with the 
nerve-trunks of the adventitia are very numerous. 

334. In the ductus eja>culatorii we find a lining of 
columnar epithelial cells ; outside of this is a delicate 
mucosa and a muscular coat, the latter consisting of 
an inner thicker longitudinal and an outer thinner 
circular stratum of non-striped muscular tissue. 

When passing into the vesicula prostatica the 
columnar epithelium is gradually replaced by stratified 
pavement epitheUum. 

335. (4) The prostate gland. — like other 
glands, the prostate consists of a framework and the 
gland tissue proper or the parenchyma. 

The fraanework, unlike that of other glands, is 
essentially muscular, being composed of bundles of 
non-striped muscular tissue, with a relatively small 
admixture of fibrous connective tissue. The latter 
is chiefly limited to the outer capsule and the thin 
septa pacing inwards, whereas the non-striped mus- 
cular tissue surrounds and separates the individual 
gland alveolL 

336. The parenchyma consists of the chief ducts, 
which open at the base of and near the colHculus 
seminalis, and of the secondary ducts, minor branches 
of the former, which ultimately lead into the alveolL 
These are longer or shorter, wavy or convoluted 
branched tubes with numerous saccular or club-shaped 
branches. The alveoli and ducts are limited by a 
membrana propria, have a distinct lumen, and are 
lined with colunmar epithelium. In the alveoli there 
is only a single layer of beautiful columnar epithelial 
cells, the substance of which is distinctly and longi- 
tudinally striated. In the ducts there is an inner 
layer of short columnar cells, and an outer one of 
small cubical, polyhedral or spindle-shaped cells. 

At the mouth of the ducts the stratified pavement 
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epithelimn of the pars prostatica of the urethra 
passes a short distance into the duct 

The alveoli are sarronnded by dense networics of 
capillary blood-vessels. 

In the peripheral portion of the gland numerooB 
ganglia are interposed in the rich plexus of nerves. 
Also Paciniaa eorpuscles are to be met with. 

337. (5) The Hretlmu — The mucous membrane 
of the male urethra is lined with simple e(dumnar 
epithelium, eKcept at the commencement — the pars 
prostatica — and at the end — the fossa navicularis — 
where it is siaratified pavement epithelium. 

^e mucous membrane is fibrous tissue with very 
numerous elastic fibres. Outside of it is a muscular coat 
composed of non-striped muscular tissue, and arranged 
as an inner circular and an outer longitudinal stratum, 
except in the pars prostatica and pars membranacea, 
where it is chiefly longitudinal. In the latter portion 
the muscular bundles pass also into the mucous mem- 
brane, where they follow a longitudinal course between 
laige veins arranged in a longitudinal plexus. These 
veins empty themselves into small veins outside. This 
plexus of large veins with the muscular tissue between 
represents a rudiment of a cavernous tissue (Henle). 

l^e mucous mt^nbrane forms peculiar folds sur- 
rounding the laoonieMorgagni. There are small mucous 
glands, lined widi columnar ^itheHum, embedded in 
the mucous membrane ; they open into the cavity of 
the urethra and are known as Littr^'s glands. 

338. (6) The glands of Coivper.— Each gland 
of Cowper is a large compound tubular gland, whidi, 
as reganis structure of ducts and alveoli, resembles a 
mucous gland. The wall of die chief ducts possesses 
» large ainount of longitadinaUj^ammged non-striped 
muscular tissue. The epithelium Iming the ducts is 
composed of columnar cells. The alveoli possess a 
laige lumen and are lined with columnar mucous 
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edls, the outer portion of the cell belag distinctiy 
striated (LangerhaBs). In the cell the reticulum is 
also distiziet. In this respect the alveoli completely 
resemble those of the sulvmaxillary of the dog, but 
tib^ere are no real cresc^ats in the alveoli of Cowp^'s 
gland 

339. (7) The eorpns spoii^osiiiii. — ^The cor- 
pus spongiosum of the urethra is a continuation of 
tiie rudimentary corpus cavemosum above-mentioned 
in txmnection with the pars membranaoea of the 
urelteu It is essentially a plexus of large veins 
arranged diiefiy longitudinally and leading into small 
efferent yeiBS. Between the large veins are bundles 
of non-striped muscular tissue. The capillary blood- 
vessels of the mucous membrane of the urethra open 
into the veins of the plexus. The outer portion of 
the corpus spoi^giosum, including the bulbus urethrse, 
shows, however, numerous venous sinuses, real caver- 
me, into whidi open capillary blood-vessels. 

340. The gfUuis peitf s is of exactly the same 
structure as the corpus spongiosum. The outer surface 
is covered with a ddicate £brous tissue membrane, 
wMeh on its free surface bears minute papillae, 
extending into the stratified pavem^t epitheHum. At 
the corona glandis exist small sebaceous follicles, the 
glands of G^son; they are continued from the inner 
lamella of the prepuce, where they abound. The 
papillffi of the glans contain loops of capillary blood- 
vessels. Plexuses of noiai-iineduUated nerve-fibres are 
found underneath the ^ithelium of the surface of 
the glan& With these are connected the end bulbs 
described in a former chapter as the genital nerve-end 
corpuscles. 

341. (8) The corpora cavernosa penis. — ^Each 
corpus cavemosum is enveloped in a fibrous capsule, 
the albuginea, made up of lamellae of fibrous con- 
nective tissue. Numerous Pacinian corpuscles are 
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met with aronnd it. The matrix of the corpus 
cavemosam consists of. trabeculse of fibrous tissue, 
between which pass bundles of non-striped muscular 
tissue all in different directions Innumerable 
cavemiB or sinuses, intercommunicating with one 
another, are present in this matrix, capable of such 
considerable repletion, that in the maximum degree 
of this state the sinuses are almost in contact, 
and the trabeculie compressed into very delicate 
septa. The sinuses a« Led witf» a sing^ layer of 
flattened endothelial plates, and their wall in many 
places is strengthened by the bundles of non-striped 
muscular tissue. The sinuses during erection become 
filled with blood, being directly continuous with capil- 
lary blood-vessels. These are derived from the arte- 
rial branches which take their course in the above 
trabecules of the matrix. The blood passes from the 
sinuses into small efierent veins. But the blood 
passes also directly from the capillaries into the 
efferent veins, and this is the course the blood takes 
under passive conditions, while during erection it 
passes chiefly into the above sinuses. 

342. In the peripheral part of the eorpus carrer- 
nosum there exists a direct communication between the 
sinuses and minute arteries (Langer), but in the rest 
the arteries do not directly communicate with the 
sinuses except through the capillary blood-vessels. 
In the passive state of the corpus cavemosum, the 
muscular trabeculse forming part of the matrix are 
contracted, and the minute arterial branches embedded 
in them are therefore much coiled up ; these are the 
arteriffi helicinae. 



CHAPTER XXXII. 

TBE FEHALS GENITAL OBaAIKI. 

343. (I) THBOTaiT(Fig. 141.)— In theovai7, m 
in other glands, the fruoewoi-k is to be distinguished 
from the paren- 
chyma. In th^ part ' 
of the ovsiy next 
to the hilum there i 
are numerous blood- 
veasels, in a loose 
fibrous connective 
tissue, with . nu- i 
merouB longitudinal 
bundles oi non- 
striped muscular 
tissue directly cwi- 
tinaous with the 
MUHe tisBuea of the 
UgSKnentnm latum. 
'nd» pOTtdoD of the , 
ovary is tiie lona 
vasculosa (Wal- 
deyer). All parts of 
the zona vasculosa 

t.e., the hundlefl pj^, m._Vertio«l Sarti™ throngh Um 

of fibrous oonneo- OnqcfluJt -grown Cht. 

tive tissue, the •■.TrS„''«SSSi'^-friK SSl1SK?fe!S 

blood -vesselB, and n%^!,WS^rt'fc^8SSg».%S!.S^^ 

the bundles of non- SruiS,MuS£?^?S.iS"2SiSMAlK5 

striped muscular 

tissue — are traceable into the parenchyma. The straua 

o£ this tatt«r, however, is made up of bundles of shorter 



258 Elements of Histology. [Chap. xxxii. 

or longer transparent spindle-shaped cells, each with an 
oval nucleus. These bundles of spindle-shaped cells 
form, by crossing and interlacing, a tolerably dense 
^tissue, in which He embedded in special arrangements 
the Graafian follicles. Around the larger examples of 
the latter the spindle-shaped cells form more or less 
concentric layers. In the human ovary bundles of 
fibrous tissue are also met with. 

The spindle-shaped cells are most probably a 
young state of connective tissue. 

Between these bundles of spindle-shaped cells 
occur cylindrical or irregular streaks or groups of 
polyhedral cells, each with a spherical nucleus ; they 
correspond to the interstitial epithelial cells men- 
tioned in the testis, and they are also derived from 
the foetal Wolffian body. 

344. According to the distribution of the Graafian 
follicles, the following layei*s can be distinguished in 
the ovary : — 

(a) Tha albuginecL This is the most peripheral 
layer not containing any Graafian follicles. It is 
composed of the bundles of spindle-shaped cells, inti- 
mately interwoven. In man, an outer and iimer 
longitudinal, and a middle circular, layer can be made 
out (Henle). In some mammals an outer longitudinal, 
an inner circular, or slightly oblique layer can be 
distinguished in the albuginea. 

The free surface of the albuginea is covered with 
a single layer of polyhedral, or short columnar granu- 
lar-looking epithelial cells, the genmnal epithelium 
(Waldeyer). This epithelium, in its shape and aspect, 
forms a marked contrast to the transparent, flattened, 
endothelial plates covering the ligamentum latum. 

345. (6) The cortical layer (Schi'On). This is a 
layer containing the smallest Graafian follicles, either 
aggregate as a more or less continuous layer (cat and 
rabbit), or in small groups (human), separated by the 
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stroma. These follicles are sfJierical or slightly oval, 
of about jTj^tfu- inch in diameter, and each of them is limi- 
ted by a delicate m&mhrwna, propria. Inside of this is 
a layer of flattened, transparent, epithelial cells, each 
with, an oval, flattened nncleus ; this is the memr 
brana granulosa. The space within the follicle is 
' occupied by, and filled up with, a spherical cell— the 
ovum cell, or ovum. This is composed of a granular- 
looking protoplasm, and in this is a big spherical, or 
slightly oval, nucleus — the gennitiai vesicle. The 
substance of this is either a fine reticulum, limited 
by a delicate membrane, with one or more nucleoli 
or ffermdtuU apotg, or it js in one of the phases of 
indirect division or karyokinefiis, thus indicating 
division of the oviim. 

346, (c) From this cortical layer to the zona 
vaaculosa we find embedded in the stroma isolated 
Graafian follicles, of various sizes, increasing from the 
former to the latter. The biggest 
foUiclee measure in diameter about 
^ inch. Those of the middle layers 
areof mediamsize(Fig. 142). In them 
we find inside the membrana propria 
the membrana granulosa, made up of a 
single layer of transparent, cohunnar, 
epithelial cells. The ovum, larger than ^if™flsr 'sam^ 
in the small cortical follicles, fills out S?™ "^ "'""^ 
the cavity of the follicle, and is '^if.Sr^JJ^ 
limited by a. thin hyaline cuticle — the HS^^UiSJ^ 
aiona peUudda. This appears as an i"h7Sr.°™ tS 
excretion of the cells of the membrana Il^^'dtj^ ■ £it 
granulosa. The protoplasm of the i^u^Tl&^i^ 
ovum is fibrillated. The part sur- ^^nSiniSdM 
rounding the germinal vesicle is more 
transparent, and steins differently in osmic acid than 
the peripheral part The big nucleus, or germinal 
vesicle, is limit^ by a distinct membrane, and inside 
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thia membnuie iB » rotdenhim iritii gaterally one big 
nucleolus or germinat ipot. 

Between these medium-Bued foUu4efl mi die 
small follicles of the cortioal Iftjer we AaA til intet^ 
mediate degrees ss regards size of tiie foUiole and tite 
ovum, and especially as regards tlie shape of the oells 
of the inembraoa granviloaa, the intermediate sisM a< 
follicles being 
lined by a gran- 
ulosa made up 
of a layw ot 
polyhedr^ epi- 
thelial cells. 
347. The 
I deeper Oraafian 
follicles, i.e., 
those tiiat are 
to be regarded 
as big follioles. 



sioniUly, two or 

even three ova 

I —which is nmi- 

lar to that of 

tL%wir%nuu>'gncu^^2*!!?'Mmf«ed^''Hv™n{ the previous f ol- 

UT«rBDf eplthelTal r«Ela. Thenv-um wltTiltadtallDCt i- i . 

ccllH of the aiirui iirollEerm. Tho oiyitl of Uie .,,.,. , '^ 

briUiileiaflllsdwlttallgl^UeUquDrtiUUenU. that it IS tH^ier, 

and its zona pel- 
lucida thicker. The ovum does not fill out the whole 
cavity of the follicle, since at one side, between it and 
the membrana granulosa, there is an albuminouB fluid, 
the rudiment of the liquor folliculi. 

318. The biggest or most advanced follicles are <rf 
great aze, ectsily visible by the naked eye, and con- 
tain a lai-ge quantity of this liquor fdKcuU (Fig. 143). 
la foot, the ovum occupies only a small jMi-t of the 
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cavity of the follide. The oyum is big, surrounded by 
a thick zona pellucida, is situated at one side, sur 
rounded by the discus proligerus. This oonsists of 
layers of polyhedral cells, except the cells immediately 
around the zona pellucida, wluch are columnar. The 
aTam with its discus proligerus is connected with the 
membrana granulosa. This latter consists of stratified 
pavsment epi^telitum forming the entire lining of the 
loUicla The outermost layer of cells is columnar. 
The membrana propria of these big follicles is strength- 
ened by concentric layers of the stroma cells, and this 
represents ixtQ twnicafbrosa (Henle) or outer coat of 
ihe foUiele — ^theca felliculi externa. Numerous blood 
capiUbries connected into a network surround the big 
foUicles. 

In those follicles that contain a greater or smaller 
amonnt of the liquor folliculi, we notice in the fluid a 
YBiiable number of detached granulosa cells in various 
stages of vacuolation, maceration, and disintegration. 

349. In connection with the medium-sized and 
large Graafian follicles are seen occasionally smaller 
or larger solid cylindrical or irregularly-^aped out- 
growths of the membrana granulosa and membrana 
propria ; they indicate a new formation of Graafian 
follicles, some containing a new ovum. When these 
side branches become by active growth converted into 
larger follicles, they may remain in continuity with the 
pairent follicle, or may be constaicted off altogether. 
In the first case, we have one large follicle wi& two 
or three ova, according as a parent follicle has given 
origin to one or two new outgrowths. 

Amongst the epithelial cells constituting the strati- 
fied membrana granulosa of the ripe follicles we notice 
a nucleated reticulum. 

Many follicles reach ripeness, as far as size and 
constituent elements are concerned, long before 
pnberty, and they are subject to degeneration ; but 



262 Elements of Histology. [Chap.xxxii, 

this process of degeneration involves also follioles of 
smaller sizes. 

350. Before menstruation, generally one, occasion- 
ally two or more, of the ripe follicles become very 
hypersemia They grow, in consequence, very rapidly 
in size ; their liquor foUiculi increases to such a degree 
that they reach the surface of the ovary ; finally — 
ie., during menstmation-^they burst at a superficial 
point ; the ovum, with its discus proligerus, is ejected, 
and brought into the abdominal ostium of the oviduct 
The cavity of the follicle collapses, and a certain 
amount of blood, derived from the broken capillaries 
of the wall of the follicle, is e£^sed into ii^ The follicle 
is converted into a corpus hUetmiy by an active multi- 
plication of the cells of the granulosa. New capilla- 
ries with connective tissue cells derived from the theca 
folliculi externa gradually grow into the interior, i.e., 
between the cells of the granulosa. This growth 
gradually fills the follicle, except the centre; this 
contains blood-pigment in the shape of granules, 
chiefly contained in large cells, and a few new 
blood-vessels, the blood-pigment being the remains 
of the original blood efiused into the follicle. 
But, ultimately, the pigntent edl disappears, and a 
sort of gelatinous tissue occupies the centre, while 
the periphery — i.e., the greater part of the follicle 
-is made up of the hypertrophied granulosa, with 
young capillary vessels between its cells. The 
granulosa cells undergo fatty degeneration, becoming 
filled with several small fat globules, which gradually 
become confluent into a big globula In this state the 
corpus luteum is complete, and has reached the height 
of its progressive growth. The tissue is then gradually 
absorbed, and cicatrical tissue is left. When this 
shrinks it produces a shrinking of the corpus luteum. 
This represents the last stage in the life of a 
Graafian follicla The corpus luteum of Graafian 
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follicles, of which the ovum has been impregnated, 
grows to a much larger size than under other condi- 
tions, the granulosa becoming by overgrowth much 
folded. 

351. Bevelopment of the ovary and Oraa- 
fian follicles* — The germinal epithelium of the 
surface of the foetal ovary at an early stage undergoes 
rapid multiplication, in consequence of which the epi- 
thelium becomes greatly thickened. The vascular 
stroma of the ovary at the same time increases, and 
permeates the thickened germinal epithelium. The 
two tissues in fact undergo mutual ingrowth, as is the 
case in the development of all glands — viz., the epithe- 
lial or glandular part suffers mutual ingrowth with 
the vascular connective tissue stroma. 

In the case of the ovary, larger and smaller 
islands or nests (Balfour) of epithelial cells are thus 
gradually differentiated off from the superficial epithe- 
li\im. These nests are largest in the depth, and smallest 
near the surface. They remain in connection with 
one another and with the surface for a considerable 
period. Even some time after birth some of the 
superficial nests are still connected with the surface 
epithelium, and with one another (Fig. 143a). These 
correspond to the ovarial tubes (Pfluger). While in 
the rabbit these nests are solid collections, in the dog 
they soon assume the character of tubular structures 
(Pfliiger, Schafer). The cells constituting the nests 
undergo multiplication (by karyokinesis), in conse- 
quence of which the nests increa.se in size, and even 
new nests may be constricted off from old ones {see 
also above). 

352. At the earliest stages we notice in the 
germinal epithelium some of the cells becoming en- 
larged in their cell-body, and especially their nu- 
cleus ; these represent the primitive ovcu When the 
germinal epithelium undergoes the thickening above 
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meBtioned, &iid when tJiis thickened epithelium sep»- 
nttea into the nesU and ovariol tube^ there ia & 
coutimied form&tion of pritnitive ova — i.&, cells of 
the nesta undergo the enlargement of cell-body and 
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nucleus, by which they are oonverted into primitire 
0V& Like the other epithelial cells, tiie primitive 
ova of the nests and ovorial. tubes underf|;o division 
into two or even more primitive ova after the mode 
of karyokinesiB (Balfour). Thus each nest contaiiiR 
a series of ova. 



granulosa of the Graafian foUicles. According to 
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Uie number of ova in a nest or in an ovarial tube 
a subdivision takes place in so many Graafian follicles, 
each consisting of one ovum with a more or less 
complete investment of small epithelial cells — i.6., a 
raembrana granulosa. This subdivision is brought 
about by the ingrowth of the stroma into the nests. 

The superficial nests being the smallest, as above 
stated, form the cortical layer of the small Graafian 
follicles ; the deeper ones give origin to larger follicles. 
Thus we see that the ovum and the cells of the 
membrana granulosa are derived from the primary 
germinal epithelium; all other parts — membrana 
propria, theca externa, stroma, and vessels — are 
derived from the fcetal stroma. 

There is a good deal of evidence to show that 
ova and Graafian follicles are, as a rule, reproduced 
after birth (Pfliiger, Kolliker), although other ob- 
servers (Bischoff, Waldeyer) hold the opposite view. 

354. (2) The oviduct— The oviduct consists of 
a lining epithelium, a mucous membrane, a muscular 
coat, and an outer fibrous coat — the serous covering, 
or peritoneum. The epithelium is columnar and 
ciliated. The mucous membrane is much folded ; it 
is a connective tissue membrane with networks of 
capUlary blood-vessels. In man and mammals there 
xxt^ no proper glands present, although there are seen 
appearances in sections which seem to indicate the 
existence of short gland tubes ; but these appear- 
ances are explained by the folds of the mucous 
membrane. The muscular coat is composed of non- 
striped muscular tissue of a pre-eminently circular 
arrangement; in the outer part there are a few 
oblique and longitudinal bundles. The serous cover- 
ing contains numerous elastic fibrils in a connective 
tissue matrix 

3d5. (3) The ntems. — The epithelium lining 
the cavity of tlie uterus is a single layer of columnar 
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cells, each with a bundle of cilia on their free surface. 
These are very easily detached, and therefore difficult 
to find in a hardened and preserved specimen. But 
in the fresh and well-preserved human uterus (Fried- 
l&nder), as well as in that of mammals, the ceUs are 
distinctly ciliated. The whole canal of the cervix is 
also lined with ciliated epithelium, but in children, 
according to Lott, only beginning from the middle. 
The surface of the portio vaginalis uteri is, like that 
of the vagina, covered with stratified pavement epithe- 
lium. 

356. The mucous membrane of the cervix is 
different from that of the fundus. In the former it is 
a fibrous tissue possessed of permanent folds — ^the 
paknee plicatae. Few thin bundles of non-striped mus- 
cular tissue penetrate from the outer muscular coat 
into the mucous membrane. Between the palmse 
plicatse are the openings of minute gland-tubes, more 
or less cylindrical in shape. They possess a mem- 
bi*ana propria and a distinct lumen lined with a single 
layer of columnar epithelial cells, which, according 
to some, are ciliated in the new-bom child, but, ac- 
cording to Eriedl&nder, non-ciliated. QobletoeUs are 
met with amongst the lining epithelium. Several 
observers (KoUiker, Hennig, Tyler Smith, and others) 
maintain the existence of minute, thin, and long 
vascular papillsB projecting above the general surface 
of the mucous membrane in the lower part of the 
cervix ; these apparent papillae are, however, only due 
to sections through the folds of the mucous membrane. 
The mucous membrane of the fundus is a spongy 
plexus of fine bundles of fibrous tissue, cohered or 
lined respectively with numerous small endothelial 
plates, each with an oval flattened nudeua The 
spaces of this spongy substance are lymph-spaces, and 
contain the glands and the blood-vessels (Leopold). 

357. The glands — g^lan^nlie uterinae — are 
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short tubular glands. They occur in the new-born 
child chiefly at the sides ; during puberty their number 
and their size increase considerably, new glands being 
formed by the ingrowth of the surface epithelium into 
the mucous membrane (Kundrat and Engelmann). 
During menstruation, and especially during pregnancy, 
they greatly increase in length. They are more or 
less wavy and branched at the bottom. A delicate 
membnJa propria forms the boundary of the tube ; a 
distiact lui^en is seen in the middle, Ld this is lii^ed 
with *a single layer of ciliated columnar epithelium 
(Allen Thomson, Ky lender, Friedlander, and others). 

358. During menstruation the thickness of the 
mucous membrane increases, the epithelium of the 
surface and of the greater part of the glands being 
destroyed by fatty degeneration, and finally alto- 
gether detached. Afterwards its restitution takes 
place from the remnant in the depth of the glands. 
But according to J. Williams and also Wyder, the 
greater part of the mucous membrane, in addition to 
the epithelium, is destroyed during menstruation. 

The muscular coat forms the thickest part of the 
wall of the uterus ; it is composed entirely of the non- 
striped variety. 

In the comua uteri of mammals the muscular 
coat is generally composed of an inner thicker circular 
and an outer ^thinner longitudinal stratum, a few 
oblique bundles passing from the latter into the 
former. In the human uterus the muscular coat is 
composed of an outer thin longitudinal, a middle 
thick layer of circular bundles, and an inner thick 
o|ie of oblique and circular bundles. Within these 
layers the bundles form plexuses. 

359. The arterioles in the cervix and their capil- 
laries are distinguished by the great thickness of their 
wall. The mucous membrane contains the capiMary 
nUworka. These discharge their blood into veins 
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sitaated in the muscnlar coat. There the tmn* ai« 
very aumerous, aad arranged in d^tn» plexuses^ those of 
the outer and inner stratum being smalls than those 
of the middle stratum, where they oorrespond to huge 
irreguhir sinuses, the bundles of muscular tissue of 
the muscular coat giving iqpecial sup[>ort to thede 
sinuses. Hence the plexus of venous sinuseff of tbe 
middle stratum r^reaents a sort of cavernous tissue. 

360. The lymphatlea are very numerous; in 
the intermuscular ccmnective tissue of the muscular 
coat are lymph sinuses and lymph clefts forming; an 
inten»mmnnkatiBg syatem ; thej take up the Ij^h 
sinuses of the mucous membrane above mentioned, 
and on the other hand lead into a plexus ol lymphatic 
vessels with valves, situated in the subserous oonnee- 
tive tissue. 

The nenrea entering the mucous membrane aie 
connected with ganglia. According to Lindgren, theie 
is in the macous membrane a plexus of non-medullated 
nerve-fibres, which, near the epithelium, break up 
into their constituent primitive fibrillie. 

361. (4) The vagina^-The epithelium lining 
the mucous membrane is a thick, stratified, pavement 
epithelium. The superficial part of the mucous mem- 
brane — r.e., the mucosa — ^is a dense, fibrous, connective 
tissue with numerous networks of elastic fibres; it 
projects into the epithelium in the idiape of numerous 
long, single or divided papilbs, each with a simple or 
complex loop of capillary blood-vessels. The mucosa 
with the covering epithelium projects above ihe gene- 
ral surface in the shape of longer or shorter, conical 
or irregular, p(»nted or blunt, permanent folds — the 
rugsB. These contain a plexus of large veins, between 
which are bundles of non-striped muscular tissue; 
hence they resemble a sort of cavernous tissue. 

Outside of l^e mucosa is the loose submucosa 
containing a second venous plexus ; its meshes are 
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elongated and parallel to the long axis of the vagina 
Out^de of the submucous tissue is the muscular coat, 
iXJixsistrng of an inner circular and an outer longitu- 
diaal stratum of non-stnped muscular tissue. Oblique 
bundles pass from one stratum into the other. From 
the circular stratum bundles may be traced into the 
submucosa , and mucosa. A layer of fibrous tissue 
forms the outer boundary of the wall of the vagina, 
and in it is the most conspicuous plexus of veins, the 
plexus venosus vaginalis. This plexus also contains 
bundles of nonnstriped muscular tissue, and therefore 
resembles a cavernous tissue (Gussenbaur.) It is 
not quite definitdiy ascertained whether or not there are 
secreting glands in the mucous membrane of the 
vagina. Yon Preuschen and also Hennig described 
tubular glands in the upper part of the fornix and in 
the introitus. 

The lymphatics form plexuses in the mucosa, sub- 
mucosa, and the muscular coat. The first are small 
vessels, the second are larger than the third and possess 
valves. The efferent vessels form a rich plexus of 
large trunks with saccular dilatations in the outer 
fibrous coat. 

There are in the mucous membrane solitary lymph 
follicles and diffuse adenoid tissue (Loevenstein). 

Numerous ganglia are contained in the ne'rve 
plexus belonging to the muscular coal 

End bulbs in connection with the nerve-fibres of 
the mucosa have been mentioned in Chapter XY. 

362. (5) The iiretlira.^The structure of the 
female urethra is similar to that of the male, except 
that the lining epithelium is a sort of stratified tran- 
sitional epithelium, the superficial cells being short, 
columnar, or club-shaped ; underneath this layer are 
several layers of polyhedral, or cubical cells. Near 
the orificium externum the epithelium is stratified 
paveiQent epithelium. 
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The muscular coat is composed of an inner longi- 
tudinal, and an outer circular, layer of non-striped 
muscular tissue. 

363. (6) The nymplifle, elitoiis, luid vesti- 
bnluiii. — ^These are lined with thick stratified epi- 
thelium, underneath is a fibrous connective tissue 
mucous membrane, extending into the epil^elium in 
the shape of cylindrical papilln with capillary loops 
and nerve-endings (end bulbs). The nymphse contain 
large sebaceous follicles, but no hairs. 

The nymphsB contain a plexus of large veins with 
bundles of non-striped muscular tissue ; hence it re- 
sembles a cavernous tissue (Gassenbaur). The corpora 
cavernosa of the clitoris, the glans clitoridis, and the 
bulbi vestibuli, correspond to the analogous parts in 
the penis of the male. The glands of Bartholin corre- 
spond in structure to the glands of Cowper in the 
mala 
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THE MAMMABT OLA270. 

364. This, like other glands, consists of a frame- 
work and parenchyma. The former is lameUar fibrous 
connective tissue subdividing the latter into lobes and 
lobules and containing a certain amount of elastic 
fibres. In some animals (rabbit, guinea-pig) there are 
also small bundles of non-striped muscular tissue. 
From the interlobular septa fine bundles of fibrous 
tissue with branched connective tissue corpuscles pass 
between the alveoli of the gland substance. The 
amount of this interalveolar tissue varies in difierent 
places, but in the active gland is always relatively 
scanty. 



J 
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Migratory or lymph corpuscles are to be met with 
in the luteralveolar connective tissue of both active 
and resting glands. In the latter they are more 
numerous than in the former. According to Creighton, 
they are deiived, in the resting gland, from the epi- 
thelium of the gland alveoli. Granular large yellow 
(pigmented) nucleated cells occur in the connec- 
tive tissue, and also in the alveoli of the resting 
gland, and Creighton considers them both identical, 
and derived from the alveolar epithelium. And 
according to this author, the production of these cells, 
would constitute the principal function of the resting 
gland. 

The large ducts as they pass from the gland to 
the nipple, acquire a thick sheath, containing bundles 
of non-striped muscular tissue. These latter are de- 
rived from the bundles of non-striped muscular tissue 
present in the skin of the nipple of the breast. 

The small ducts in the lobules of the gland tissue 
possess a membrana propria, and a lining — a single 
layer of longer or shorter columnar epithelial cells. 

The terminal branches of the ducts, t.6., just before 
these latter pass into the alveoli, are lined with a 
single layer of flattened pavement epithelium cells ; 
they are analogous to the intermediary portion of the 
duats of the salivary glands (see Chap. XXII.). 

365. Each of these terminal branches divides and 
takes up several alveoli (Fig. 144). These are wavy 
tubes, saccular or flask-shaped. The alveoli are 
larger in diameter than the intralobular ducts. Each 
alveolus in the active gland has a relatively large 
cavity, varying in different alveoli ; it is lined with a 
single layer of polytedral, granular-looking, or short 
columnar epithelial cells, each with a spherical nuclrms ; 
a membrana propria forms the outer limit. This mem- 
brana propria, like that of the salivary, lachrymal and 
other glands, is a basket-work of branched cells. 
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In the active gland esch epithelial cell is capable 
of forming io its interior one or more emalleF or larger 
oil globnles. These may, and generally do, become - 
confluent, and, pressing the nucleaa towards one (dde 
of the cell, give to (iie latter the resemblance of a fat- 
oelL The oil globnles are finally ejected by the cell- 
protoplasm into the Inmen of the alveolus, and repre- 



sent now the miUe gU^ndet. The cell resumes its 
former solid character, and commences again to form 
oil globtiles in its protoplasm. The epithelial cells, 
as long as the secretion of milk lasts, go on again 
and again forming oil globules in the above manner 
without being themselvea destroyed (Langer). These 
milk globules, when in the lumen of the alveoli, are 
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enveloped in a delicate cuticle — the albumin mem- 
brane of Ascherson. This membrane they receive 
from the cell protoplasm. 

According to the state of secretion, most epithelial 
cells lining an alveolus may be in the condition of 
forming oil globules, or only some of them; and 
according to the rate in which milk globules are formed 
and carried away, the alveoli differ in the number of 
milk globules they contain. 

According to Schmid, the epithelial cells, after 
having secreted milk globules for some time, finally 
break up, and are replaced by new epithelial cells 
derived by the division of the other still active 
epithelial cells. 

366. The resting gland, i.e., the gland of a non- 
pregnant or non-suckling individual, contains, compara-- 
tively speaking, few alveoli, but a great deal of fibrous 
connective tissue ; the alveoli are all solid cylinders, 
containing within the limiting membrana propria 
masses of polyhedral granular-looking epithelial cells. 
During pregnancy these solid alveoli undergo rapid 
multiplication, elongation, and thickening, owing to 
the rapid division of the epithelial cells. 

Finally, when milk secretion commences, the cells 
occupying the central part of the alveolus undergo the 
fatty degeneration just like the peripheral cells, but 
they, i.e., the central cells, are eliminated, while the 
peripheral ones remain. These central cells are the 
colosPnim corpuscles, and consequently they are found 
in the milk of the first few days only. 

367. Ordinary milk contains no colostrum corpus- 
cles, but only milk globules of many various «izes, from 
the size of a granule to that of a globule several times 
as big as an epithelial cell of an alveolus of the milk 
gland. These large drops are produced by fusion of 
small globules after having passed out of the alveolL 
Each milk globule is an oil globule surrounded, as 

s 
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stated above, by a thin albuminous envelope — ^Ascher- 
son's membrana The small bits of granular substance 
met with here and there, are probably the remains of 
broken-down protoplasm of epithelial cells. 

368. Each gland alveolus is surrounded by a dense 
netwfyrk of capillary hlood-vessels. The alveoli are 
surrounded by lymph spaces like those in the salivary 
glands (Coyne) and these spaces lead into networks of 
lymphatic vessels of the interlobular connective tissue. 



CHAPTER XXXIV. 

THE SKIN. 

369. The skin consists of the following layers 
(Fig. 145): — (1) the epidermis; (2) the corium, or 
cutis vera, with the papillsBj (3) the subcutaneous 
tissue, with the adipose layer or the adipose iissua 

370. (1) The epidermis (Fig. U), in all its 
constituent elements, has been minutely described in 
Chapter III. Its thickness varies in diflferent parts, 
and is chiefly dependent on the variable thickness of 
the stratum corneum. This is of great thickness in 
the palm of the hand and the sole of the foot. The 
stratum Malpighii fits into the depressions between 
the papillsB of the corium as the interpapillary pro- 
cesses. The presence of prickle cells, of pigment 
granules, and of branched interstitial nucleated cells, 
(&c., has been mentioned in Chapter IIL 

There occur in the stratum Malpighii migratory 
cells of granular aspect ; they appear to migrate from 
the papillary layer of the corium into the stratum 
Malpighii (Biesiadecki). 

371. (2) The corium is a dense feltwork of 
bundles of fibrous connective tissue, with a large 
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admixture of networks of elastic fibres. From the 
surface of the corium project small conical or cylin- 
drical pa^Ute. These are best developed in those 
C where the skin is thick, e.g., volar aide of 
and foot, scalp, lipa of inoath, &c. Between 
the Burfoce of the corium and the epidermis there 
is a basement membrane. Kigratory cells, with and 
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without pigment granules in tlieir interior, are met 
with, especially in the superficial part of the corium ; 
they, as well as the fixed or branched connective 
tissue corpuscles (see par. 40), and other structures, as 
vessels and nerves, lie in the interfascicular spaces. 

372. (3) The superficial part of the subcuta- 
neous tisflue insensibly merges into the deep port of 
the corium ; it consists of bundles of fibrous connective 
tissue aggregated into trabecule crowing one another 
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and interlacing in a complex manner. Numerous 
elastic fibres are attached to these trabeculae. It con- 
tains groups of fat cells, in many places arranged as 
more or less continuous lobules of fat tissue, forming 
the st^ratwra adiposu/m. These lobules are separated 
by septa of fibrous connective tissue ; their structure 
and development, and the distribution of th^ blood- 
vessels amongst the fat cells, have been described 
in par. 45. The deep part of the subcutaneous tissue 
is loose in texture, and contains the large vascular 
trunks and the big nerve branches. 

373. The superficial part of the subcutaneous 
tissue, or, as some have it, the deep part of the 
corium, contains the sudoriparous or sweat glands. 
Each gland is a single tube coiled up into a dense 
clump of about ^ of an inch in diameter — ^in some 
places, as in the axilla, reaching as much as six times 
this size. From each gland a duc^b — the sudori- 
ferous canal — passes through the corium in a slightly 
wavy and vertical direction towards the epidermis ; 
it penetrates more or less spirally through the inter- 
papillary process of the stratum Malpighii and the 
rest of the epidermis, and appears with an open ntouth 
on the free surface of the skin. 

The total number of sweat glands in the human 
skin has been computed by Krause to be over two 
millions ; but it varies greatly in different parts of the 
body, the largest number occurring in the palm of 
the hand, the next in the sole of the foot, the next 
on the dorsum of the hand and foot, and the smallest 
in the skin of the dorsum of the trunk. 

374. The sudoriferous canal and the coiled tube 
possess a distinct lumen ; this is lined with a delicate 
cuticle, especially marked in the sudoriferous canal 
and in the commencement of the coiled tube. In the 
epidermis the lumen bordered by this cuticle is all 
that is present of the sudoriferous canal. It receives 
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a continuation from the middle layer of the stratum 
Malpighii and from the basement membrane ; the 
former is the lining epithelium, the latter the limiting 
membrana propria of the ttudoriferoua canal. The 
epithelium consista of two or three layers of small 
polyhedral cells, each with a spherical or oval nucleua 



375. The structure of the sudoriferous canal is 
then — a limiting membrana propria, an epithelium 
composed of two or three layers of jtolyhedral cells, an 
internal delicate membrane, and, finaUy, the central 

"nie first part — about one-third or one-fourth — 
of the coiled tube (Fig. 116) is of the same atmc- 
tnre, and is directly continuous with the sudoriferous 
canal, with which it is identical, not only in structuK^ 
but in size. The remainder of the coiled tube — i.e., 
the distal part — is larger in diameter, and diflers in 
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these essential respects, that its epithelium is a single 
layer of transparent columnar cells, and that there 
is between this and the limiting membrana propria 
a layer of norirstriped muade cells (KoUiker) arranged 
parallel with the long axis of the tube. In some 
places, as in the palm of the hand and foot, in the 
scrotum, the nipple of the breast, the scalp, but 
especially in the axilla, this distal portion of the coiled 
tube is of very great length and breadth, and its 
epithelial cells contain a variable amount of granules. 
It appears to me that the cells resemble in this 
respect those of the serous salivary glands and the 
chief cells of the gastric glands (Langley), inasmuch 
as they produce in their interior larger or smaller 
granules which are used up during secretion, from the 
periphery towards the lumen. 

376. The cemmlnous grli^iids of the meatus 
auditorius extemus are of the same structure as the 
distal portion just described, except that the inner 
part of the cell protoplasm of the epithelium contains 
yellowish or brownish pigment, found also in their 
secretion, i.e,y in the wax of the ear. 

Around the anus there is an elliptical zone, in the 
skin of which are found large coiled gland tubes — the 
circumanal glands of A. Gay — ^which are identical in 
structure with the distal portion of the sweat gland 
tubes. 

377. The sweat glaiids develop as a solid cylin- 
drical outgrowth of the stratum Malpighii of the 
epidermis, which gradually elongates till it reaches 
the superficial part of the subcutaneous tissue, where it 
commences to coil. The lumen of the tube is of 
later appearanca The membrana propria is derived 
from t^e tissue of the cutis, but the epithelium and 
muscular layer are both derived from, the original 
outgrowth of the epidermia 

378. The lialP-folUcles (Fig. 147).— The skin 



almost everywhere cxtatains cylindncBl/oBielea, planted 
more or lesa near to one another, and in groups. In 
ectch of them is fixed the root of a hair; that part 



of the hair which projects beyond the general surface 
of the skin is the shaji. 

A very few plat^ contfun no hai^foUicles, such, 
for instance, as the volar side of the hand and foot, 
and the skin of the penis. 

In size, the hairs and hair-follicles difier in diffe- 
rent parts. Those of the scalp, the ci]ia of the eyelids, 
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the hairs of the axilla and pubic region, those of 
the male whiskers and moustache, are coarse and 
thick, while the hairs of other places — 6.^., the skin- 
surface of the eyelids, the middle of the arm and 
forearm, <kc. — are very minute : but, as regards struc- 
ture, they are all very much alike. 

379. A complete hair and hair-follicle — that is, the 
papillary hair of Unna — shows the following stnic- 
ture : — 

The havr-follide. Each hair- follicle commences 
on the free surface of the skin with a funnel- 
shaped opening or movih; it passes in an obliqiie 
direction through the corium into the subcutaneous 
tissue, in whose middle strata — i.e., in the stratum 
adiposum— it terminates with a slightly enlarged 
extremity, with which it is invaginated over a rela- 
tively small fungus-shaped papilla. This latter is of 
fibrous tissue, containing numerous cells and a loop of 
capillary blood-vessels. 

Minute hairs do not reach with their follicles to 
such a depth as the large coarse hairs, the former not 
extending generally much farther than the deep part 
of the corium. Degenerating and imperfect hairs 
(see below) also do not reach to such a depth as the 
perfect large hair-follicles. In individuals with 
"woolly" hair — e.g., the negro race (0. Stewart), and 
in animals with " woolly " hair, such as the fleece of 
sheep — the deep extremity of the hair-foUicle is 
curved, sometimes even slightly upwards. 

380. The structure of a hair-follicle is as follows 
(Fig. 148) : There is an outer coat composed of 
fibrous tissue; this is the fibrous coat of the hair- 
sac. It is merely a condensation of the surround- 
ing fibrous tissue, and is continuous with the 
papilla at the extremity of the hair-follicle. About 
tlie end of the hair-follicle, or sometimes as much 
as in the lower fourth, there is inside of this 
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fibrona layer of the hair-sac a single continuous 
layer of traESTersely or circidtia-ly-arranged »pvndle- 
ahaped cells, each with an oval flattened or Etaff- 
shaped nucleus, completely resembling, and generally 
considered to be, 
non-atriped mus- 
cle cells. Inside 
of this layer of 
the hair-SBC is 
a glassy-looking, 
hy aline,bafiem ent 
' membrane, Trhich 
is not very dis- 
tinct in minute 
hairs, but is suffi- 
ciently conspicu- 
ous in large adult 
liair- follicles. 
This glaesy mem- ~ ■ _ 

> -4. ■ F«. UB.~<:ToaB Section tbioagh a EomaonBlr 

brarw, as it la and Hair FoUiole. 

called, is a direct •, Kaimv or bur; », Hiner of hair; o. cuticle at 
continuation of •, HphIe'i )ar'rS'nn«>°rooMb°Blb 'aouS^Vm^ . 
the basement kc? 1, fi£ph^Me»in ™ mme, 

membrane of the 

surface of the oorium, and it can be traced as a delicate 

membrane also over the surface of the hair-papilla. 

381. Next to the glassy membrane is the obiter 
root-gheath, the most conspicuous part of the hair-fol- 
licle. It consists of a thick stratified epithelium of 
exactly the same nature as the stratum Malpighii of 
the epidermis, with which it is directly continuous, 
and from which it is developed. In the outer root- 
sheath the layer of cells next to the glassy membrane 
is columnar, just like the deepest layer of cells in the 
stratum Malpighii ; then follow inwards several layen 
of polyhedral cells ; and, finally,- flattened nucleated 
scales form the innermost boundary of the outer root- 
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sheath. The stratum granulosum of the stratum 
Malpighii is not continued beyond the mouth of the 
hair-foUicle, but there it is generally very marked. 
The outer root-sheath becomes greatly attenuated at 
the papilla — ^in fact, is there continuous with the cells 
constituting the hair-bulb. 

382. The centre of the hair-follicle is occupied by 
the root of ihs hai/Ty which terminates with an en- 
larged extremity — ^the hair-bulb; this grasps the 
whole papilla. The hair-bulb is composed of I>oly- 
hedral epithelial cells, separated from one another 
by cement substance, and continuous with the cells 
of the extremity of the outer root-sheath, from 
which they originate in the first instance ; just over 
the papilla there is a special row of short columi^ar 
cells, which are in an active state of multiplication, 
and by which continuously new cells are formed. 
Thus a gradual shifting of the cells of the hair- 
bulb upwards into the cavity of the hair-follicle — 
1.6., the hair — takes place ; but at the same time 
these progressing cells become elongated, spindle- 
shaped, and constitute the cells of the hai/r sibbstance^ 
except in the very centre, where they remain poly- 
hedral, so as to represent the cells of the mcvrrow of 
the hair, and in the periphery, where they remain 
more or less polyhedral, so as to form the ivm&r root- 
sheath, 

383. Tbe root of tbe hair, except at the hair- 
bulb, shows the following parts : The avhstance of the 
hai/Ty the cuticle^ and the inner root-sheath The 
substance of the hair is composed of the luivr fhrea^ 
t.e#, long thin fibres, or narrow long scales, each com- 
posed of hyaline homy substance, and possessed of 
a thin staff-shaped remnant of a nucleus. These 
are held together by a certain amount of interstitial 
cement substance. Towards the bulb they gradually 
change into the spindle-shaped cells above men- 
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tioned. They can be isolated by strong acids and 
alkalies. In pigmented hairs there occur numerous 
fAgmerd, granules beiiDeen the hair fibres, but also 
diffused pigment in their substance. The same ia 
noticed with reference to the hair-bulb — viz., pigment 
granules being present in the intercellular cement, 
and pigment dso in the cell substance. In the centre 
of many hairs is a cylindrical space, contuniog gene- 
rally one row of polyhedral cells, which are, to a great 
extent, filled with air, and, in pigmented hair, also 
with pigment granules. 

384. On the surface of the hair substance is a thin 
cuticle, a single layer of homy non-nucleated hyaline 
scales arranged more or less transversely; they are 
imbricated, and, according to the degree of imbrica- 
tion, the cuticle shows more or less 
marked projections, which give to the 
circumference of the hair the appear- 
ance of minuteteeth, like those of a saw. 

38d. The inner rootsheath in well- 
formed, thick hairs, is very distinct, 
and consists of a delicate cuUele next 
to the cuticle of the hair ; then an 
inner, or Hva^s, lat/er, which is a 
single, or sometimes double, layer of 
horny cubical cells, each with a rem- 
nant of a nucleus ; and, finally, an 
ouler, or Benle's, layer— a. single layer ^cii'vTBw'o/iK 
of non-nucleated horny cubical cells. meriiei lumu 

The shaft of the balr (Pig, ^^^ ^ ^,|,. 
149), or the part projecting over fiiST^™uii°''^ 
the free surface of the skin, is of 
exactly the same structure as the root, except that It 
possesses no inner root-sheath. 

386. As mentioned above, at the hair-bulb the 
polyhedral celb constituting this latter gradually pass 
into the different parts of the hair — i.e., marrow-sub- 



J 
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stance, cuticle, and inner root-death — and the con- 
tinual new prodnction of cells over the papilla causes & 
gradual progression and con- 
version of the cells, and a 
correBponding growth in 
lengUi of the hair shaft 

Pigmented hairs, as men- 
tioned above, contain pig- 
ment gran ules between — i.e. , 
in the interstitial substance 
cemeating together — the 
hair fibres, and diffuse pig- 
ment in their substance. 
According to the amount 
of these pigments, but es- 
pecially of the interstiti&l 
pigment granules (Pincus), 
the colour of the hair is of 
a greater or lesser dark 
tint. In red hairs there is 
chiefly diffuse pigment. In 
white or fair hairs neither 
the one nor -the other 
pigment is present ; in grey 
tliere is air at least in 
the superficial layers of the 
hair substance, besides ab- 
sence of .pigment. 

Sleek hairs are circu- 
lar, curly oval, in cross-sec- 

o.A'SsS^|lSS!.^ °°387. new form.U.n 

■ dageDcmtbv fDur. of hair (Fig, 160). — 

'■^&^^^^^T^^^iX^. Eveiy hair, be it fine and 

2?lc*„'?'pi'ii^'?^';"'^4;'SS! short or thick and long, 

toiikSo"T, ibeMS^^tefewi'S under normal conditions, 

■ ntn'SiiiHi^.^ml.)'***"' *■ "" 'i** •>"'? * limited exis- 
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tence, for its hair-fojlicle, including the papilla, sooner 
or later undergoes degeneration, and subsequent to 
this a new papilla and a new hair are formed in its 
place. What happens is this — the lower part of 
the hair-follicle, including the papilla and hair-bulb, 
degenerates and is gradually absorbed. Then there 
is left only the upper part of the follicle, and in 
the centre of this is the remainder — 1.6., non-degene- 
rated portion — of the hair root. The fibres of this are 
at the extremity fringed out and lost amongst the 
cells of the outer root-sheath of the follicle. This 
represents the hair-knoh (Henle). Now, from the 
outer root-sheath a cylindrical outgrowth of epithe- 
lial cells into the depth takes place; against the 
extremity of this a new papilla is made. In con- 
nection with this new papilla, and in the centre of 
that cylindrical outgrowth, a new hair and hair-bulb 
are formed, and as these gradually grow outwards 
towards the surface they lift, or rather push, the old 
hair — Le,, the hair-knob — out of the follicle. The 
outer part of the follicle of the old hair persists. 

Thus we find in all parts of the skin where hairs 
occur, complete or papillary hairs side by side with 
degenerating hairs, or hair-knobs. 

388. development of hair.— In the human 
foetus the hair-follicles make their first appearance ahottt 
the end of the third month, as solid cylindrical out- 
growths from the stratum MalpighiL This is the rudi- 
ment of the outer root-sheath. After having pene- 
trated a short distance into the corium, this latter be- 
comes condensed around it as the rudiment of the hair- 
sac, and at the distal extremity forms the papilla 
growing against the outer root-sheath and inva- 
ginating it. In connection with the papilla a rapid 
multiplication of the epithelial cells of this extremity 
of the outer root-sheath takes place, and this forms the 
hair-bulb, by the multiplication of whose cells the hair 
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and the inner root-sheath are formed. As growth 
and multiplication proceed at the hair-bulb, so the 
new hair, with its distal-pointed end, gradtially reaches 
the outer surface. It does not at once penetrate the 
epidermis, but remains growing and burrowing its 
way for some time in the stratum comeum of the 
epidermis in a more or less horizontal direction. 

389. In many mammals occur, amongst ordinary 
hairs, special large hairs, with huge hair-follicles 
planted deeply into the subcutaneous tissue ; such 
are the big hairs in the skin about the lips of the mouth 
in the dog, cat, rabbit, guinea-pig, mouse and rat^ d^c. 
These are the tactile hairs. Their hair-follicle pos- 
sesses a thick hair-sac, in which are contained large 
sinuses intercommunicating with one another and 
with the blood system ; these sinuses -are separated by 
trabecule of non-striped muscular tissue, and repre- 
sent, therefore, a cayemous tissue. The papilla is 
very huge, and so is the outer root-sheath and the 
hair-root in all its parta Thei'e are vast numbers of 
nerve-fibres, distributed and terminating amongst the 
cells of the outer root-sheath (Amstein). 

390. With each hair-follicle is connected one or 
two sebaceovs follicles. These consist of several flask- 
shaped or oblong alveoli, joining into a common short 
dtKjt opening into the hair-follicle near the surface — 
i.e.y that part called the neck of the haiivfoUicle. 

The alveoli have a limiting membrana propria; 
next to this is a layer of small polyhedral, granular- 
looking, epithelial cells, each with a spherical or oval 
nucleus ; next to this, and tilling the entire space of 
the alveolus, are large polyhedral cells, each with a 
spherical nucleus; the cell-substeuice is filled with 
minute oil-globules, between which is left a sort of 
honeycombed reticulated stroma. The cells nearer to 
the centre of the alveolus are the largest. To- 
wards the duct they become shrivelled up into an 
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amorphous mass. The duct iteelf is a continuation of 
the outer root-sheath. 

As multiplication goes on in the marginal layer of 
epithelial cells — Le,. those next the membrana propria 
— the products of this multiplication are gradually 
shifted forward towards the duct, and through this 
into the neck and mouth of the hair-foUicle, where 
they constitute the elements of sehwnu 

There is a very characteristic misproportion be- 
tween the size of the hair-follicle and IJiat of the 
sebaceous gland in the embryo and new-bom, the 
sebaceous gland being there so large that it forms the 
most conspicuous part, the minute hairs (lanugo) being 
situated, as it were, in the duct of the sebaceous 
follicle. 

391. In connection with each hair-follicle, espe- 
cially where they are of good size — as in the scalp — 
there is a bundle, or rather group of bundles, of non- 
striped muscular tissue ; this is the arrector pUi, It is 
inserted in the hair-sac near the bulbous portion of the 
hair-follicle, and passes in an oblique direction towards 
the surface of the corium, grasping, as it were, on its 
way the sebaceous follicle, and terminating near the 
papillary layer of the surface of the corium. THie 
arrector pili forms with the hair-follicle an acute 
angle — this latter being planted into the skin in an 
oblique direction, as mentioned above — and conse- 
quently, when the arrector contracts, it has the effect 
of raising the hair follicle and hair (cutis anserina — 
"goose's skin"), and of making the hair assume a 
more upright position (causes it, as we say, to " stand 
on end"). At the same time, it compresses the 
sebaceous follicle, and thus facilitates the discharge of 
the sebum. 

392. The corium of the scrotum, of the nipple ^of 
the breast, of the labia pudendi majora, and of the 
penis, contains numbers of bundles of non-striped 
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rauBCuUr tissue (KdlLker), indepeadeat of the h&irs ; 
these run in an oblique and horizontal direction, and 
kxm plexuses. 

393. The BBUfi (Fig. 151).— We distinguish the 
body of the nail from tJ^e fm raargva and from the 
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root ; the body is the nail proper, and is fixed on to 
the Tiailrbed, while the nail-root is fixed on the nail- 
matrix— i.e., the posterior part of the nail-bed. The 
nail is insertnd, with the greater part of its lateral 
and the posterior margin, in the vail-groove, a, fold 
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by which the nail-matrix passes into the surrounding 
skin. 

394. The svhstance of the nail is made up of a 
large number of strata of homogeneous homy scales — 
the nail-ceUa — each with a staff-shaped remnant of a 
nucleus. 

The corium of the nail-bed is highly vascular ; it 
is firmly fixed by stiff bands of fibrous tissue on the 
subjacent periosteum; it is covered with a stratum 
Malpighii of the usual description, except that the 
stratum granulosum is absent in the nail-matrix, but 
is present in a rudimentary state in the rest of the 
nail-bed. The nail itself represents the stratum 
lucidum, of course of exaggerated thickness, situated 
over the stratum Malpighii of the nail-bed. There 
is no stratum comeum over the nail 

The stratum Malpighii and corium of the nail-bed 
are placed into permanent minute folds, and the nail 
possesses on its lower surface corresponding linear 
indentations. 

'395. In the foetal nail-bed the stratum Malpighii 
is covered with the usual stratum lucidum and stratum 
comeum, but the former is the larger; by a rapid 
multiplication of the cells of the stratum Malpighii, 
and a conversion of its superficial cells into the scales 
of the stratum lucidum, the foetal nail is produced. 
At this early stage the nail is covered by stratum 
comeum. By the end of the fifth month the margin 
breaks through this stratum comeum, and by the 
seventh month the greater part has become clear 
of it. 

396. The blood-vessels of tbe skinu— The 
blood-vessels are arranged in different systems for the 
different parts of the skin (Tomsa) : — 

(a) There is, first, the vascular system of the 
adipose tissue, differing in no way from the dis- 
tribution of blood-vessels in fat tissue of other places. 

T 
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(6) Then there is the vasctJar system of the hair> 
follicles. The papilla has a capillary loop, or rather 
a minute arteriole, a capillary loop, and a descending 
yein, and the fibrous tissue of the hair-sac possesses 
capillaries arranged as a network with elongated 
meshes, with its afferent arteriole and efferent vein. 

(c) The sebaceous follicle has its afSsrent arteriole 
and efferent vein, and capillary networks surrounding 
the alveoli of the gland. The arrector pili and other 
bundles of non-striped muscular tissue possess capil- 
lary networks with elongated meshes. 

(d) The sweat-glands have an afferent arteriole, 
from which proceeds a very rich network of capil- 
laries, twining and twisting round the gland-tube. 
The duct possesses its separate afferent arteriole and 
capillaries, forming elongated meshes. 

(«) The last arterial branches are those that reach 
the surface of the corium, and there break up into a 
dense capillary network with loops for the papillae. 
In connection with these capillaries is a rich plexus of 
veins in the superficial layer of the corium. 

(/) In the nail-bed are dense networks of capil- 
laries, with loops for the above-named folds. 

397. The lymphatics. — ^There are networks of 
lymphatic vessels in all strata of the skin \ they are, 
more or less, of horizontal expansion, with oblique 
bi*anohes passing between them. Their wall is a 
single layer of endothelial cells, and some of them 
possess valvea Those of the surface of the corium 
take up lymphatics of the papillae. The subcutaneous 
lymphatics are the biggest. The fat tissue, the sweat- 
glands, and the hair-follicles possess their own lym- 
phatic clefts and sinuses. The interfascicular spaces 
of the corium and subcutaneous tissue are directly 
continuous with the lymphatic vessels in these 
pai*ts. 

398. The nerves* — The nerve-branches break up 
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into a dense plexus of fine nerve-fibres in the super- 
ficial layer of the corium. This plexus extends hori- 
zontally, and gives off numerous elementary fibrils 
to the stratum Malpighii, in which they ascend verti- 
cally and in a more or less wavy fashion towards the 
stratum lucidum (Langerhans, Podkopaefi", Eberth, 
Eimer, Ranvier, and others). According to some, they 
terminate with a minute swelling ;- according to others, 
they form networks ; but they always remain between 
the epithelial cells. 

The subcutaneous nerve-branches of some places 
— ^palm of hand and foot and skin of penis — give 
off" single medullated nerve-fibres, terminating in a 
Pacinian corpuscle, mentioned in a former chapter. 
In the volar side of the fingers and toes there occur 
iu some of the papillae of the corium the tactile or 
Meis^ner's corpuscles, each connected with one or two 
medullated nerve-fibres, as described in a previous 
chapter. The outer root-sheath of the hair-follicles 
contains the terminations of fine nerve-fibres, in the 
shape of primitive fibrillse (Jobert, Bonnet, and 
Amstein). According to Jobert, the nerve-fibres 
entwine the hair-follicle in circular turns. The tactile 
hairs possess a greater supply of nerves than the 
ordinaiy hair-folliclos. 



CHAFIEK XXXV. 

THE CONJUNCTIVA AND ITS GLANDS. 

399. (1) The eyelMs.— The outer layer of the 
eyelids is skin of ordinary description ; the inner is a 
delicate, highly vascular membrane — the conjtmctiva 
palpehrce. This includes a firm plate — the tarsalrplate 
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—which is not cartilage, but very dense, white, fibrous 
tissue. In it lie embedded the Meibomian glomds. 
These extend in each eyelid in a vertical direction 
from the distal margin of the tarsal-plate to the free 
margin of the eyelid ; in the posterior angle of this 
margin lies the opening or mouth of each of the 
Meibomian gland& 

The duct of a Meibomian gland is lined with a 
continuation of the stratified pavement epithelium, 
lining the free margin of the lid ; it passes in the 
tarsal-plate toward its distal margin, and takes up on 
all sides short minute ducts, each of which becomes 
enlarged into a spherical, saccular, or flask-shaped 
alveolus. This is identical in »tructwre and secretion 
with the alveoli of the sebaceotis /ollictes of the 
skin, 

400. The conjunctival layer is separated from the 
subcutaneous tissue of the skin-layer of the eyelid by 
the bundles of the sphincter orbicularis — striped mus- 
cular tissua Some bundles of this extend near the 
free margin of the lid, and represent what is known 
as the musculus ciliaris BiolanL This sends bundles 
around the mouth of the Meibomian ducts. 

401. At the anterior angle of the free margin of 
the lid are the eyelashes or cilia, remarkable for their 
thickness and rapid reproduction. Near the cilia, but 
towards the Meibomian ducts, open the ducts of pecu- 
liar large glands — the glands of MohL Each of these 
is a wavy or spiral tube, passing in a vertical direction 
from the margin of the Hd towards its distal part ; it 
completely coincides in structure to the large portion 
of a sweat gland — i.e., that part containing a columnar 
epithelial lining, and between this ajid the membrana 
propria a longitudinal layer of non-striped muscular 
cells. 

The free margin is covered, as mentioned above, 
with stratified pavement epithelium, into which the 



Chap. XXXV.] Conjunctiva and its Glands, 293 

macous membrane extends in the shape of minute 
papillae. In the conjunctiva palpebrse the epithelium 
is thin, but stratified pavement epithelium; there are 
no papillae, but the sub-epithelial mucosa — that is, the 
layer situated between the epithelium of the surface 
and the tarsal-plate— contains a dense network of 
capillary blood-vessels. 

402. Passing from the eyelids on to the eyeball, 
we have the continuation of the conjunctiva palpebrae 
— t.e., the fornix conjunctivae — and, further, the con- 
junctiva fixed to the sclerotic, and terminating at the 
margin of the cornea — the conjunctiva bulbi. The 
epithelium covering the conjunctival fornicis smd con- 
junctiva bulbi is stratified epithelium, the superficial 
cells being short columnar; next to the fornix the 
superficial cells are beautiful columnar, and the 
mucosa underneath the epithelium is placed in regular 
folds (Stieda, Waldeyer). Towards the cornea the 
epithelium of the conjunctiva assumes the character 
of stratified pavement epithelium, and minute papillae 
extend into it from the mucosa. 

403. The mucous membrane is fibrous tissue, 
contaiQing the networks of capillary blood-vessels. 

Into the fornix lead minute mucous glands, em- 
bedded in the conjunctiva fornicis ; they are the glcmds 
qf Krause, Similar glands exist in the distal portion 
of the tarsal-plate. 

404. The blood-vessels of the conjunctiva ter- 
minate as the capillary network of the superficial 
layer of the mucosa, and as capillary networks for the 
Meibomian glands, Krause's gland, &c. Around the 
corneal margin the conjunctival vessels are particu- 
larly dense, and loops of capillaries extend from it 
into the ve^ margin of the Jmea. 

405. The lympliatics form a superficial and 
deep network. Both are connected by short branches. 
The deep vessels are possessed of valves. The super- 
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ficial plexus is densest at the limbtts xsornese, and thej 
are in direct connection with the interfascicular 
lymph clefts, both of the sclerotic and cornea. In 
the margin of the lid the superficial lymphatics of 
the skin anastomose with those of the conjunc- 
tiva. 

Lymph follicles occur in groups in the conjunctiva 
of many mammals about the inner angle of the eye. 
In the lower eyelid of cattle they are very con- 
spicuous, and known as the glands of Bruch. They 
are also well-marked in the third lid of many 
mammals. 

According to Stieda and Morano, isolated lymph 
follicles occur also in the human conjunctiva. 

406. The nerve* are very numerous in the con- 
junctiva ; they form plexuses of non-meduUated fibres 
underneath the epithelium. From these plexuses fine 
fibrils pass into the epithelium of the surface, between 
whose cells they terminate as a network (Helfreich, 
Morano). End bulbs of Krause occur in great num- 
bers in man and calf. They have been mentioned in 
a former chapter. 

407. (2) The lachrymal glands are identical 
in structure with the serous or true salivary 
glands. The arrangement of the connective tissue 
stroma, the nature and structure of the ducts — espe- 
cially of the intralobular ducts — and alveoli, the dis- 
tribution of blood-vessels and lymphatics, are exactly 
the same as in the true salivary glands. Reichel 
has found that the epithelial cells lining the 
alveoli are well defined, conical or cylindrical, trans- 
parent and slightly granular duiing rest ; but 
during secretion they grow smaller, more opaque 
and granular, their outlines not well defined, and 
the nucleus becomes more spherical and placed more 
centrally. 

408. In most mammals there is in the inner 
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angle of the eye, and closely placed against the sur- 
face of the eyeball, a gland, called Harder^s gland. 
According to Wendt, this is either a true serous 
gland, like the lachrymal — as in the ox, sheep, and 
pig — or it is identical in structure with a sebaceous 
gland, as in the mouse, rat, and guinea-pig ; or it 
consists of two portions, one of which (white) is 
identical with a sebaceous, while the other (rose- 
coloured) is a true serous gland ; such is the case in 
the rabbit and hare. According to Giacomini, a 
rudiment of Harder's gland exists also in the ape 
and man. 



CHAPTER XXXVL 

THE OOBNEA, SCLEROTIC, LIGAMElsrTUM PECTINATUM^ 

AND CILIABY MUSCLE. 

409. L The cornea (Fig. 152) of man and many 
mammals consi3t8 of the following layers, counting 
from front to back : — 

(1) The epithelium of the anterior surface (see 
Fig. 15) ; this is a very transparent, stratified, pave- 
ment epithelium, such as has been described in par. 
22. It is directly continuous with the epithelium of 
the conjunctiva, but it is more transparent ; in dark 
pigmented eyes of mammals the epithelium of the 
conjunctiva is also pigmented. In these cases the 
pigment, as a rule, does not pass beyond the margin 
of the cornea. 

410. (2) Next follows a homogeneous elastic mem- 
brane, BovymarCi. memhraney or elastica anterior. It 
is best shown in the human eye, but is present, even 
though only rudimentary, in the eye of mammals. 
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(3) Then follows the ground »nb»tanee, or aub- 
st&ntu propria, of the cornea. This b composed of 
lamellfe of btmdles 
of fibrouB connectiTfl 
tisanft Neigfaboming 
lamellie are connected 
with one another by 
oblique bundles. 

The fibre bundles 
within each lamella 
ran parallel to the aur- 
faae of the cornea, but 
ma; cross one another 
under various angles. 

In the anterior 
layer of the groand 
substAnce some of the 
bundles pass through 
aeveral lamellie in an 
oblique manner; they 
represent the fibrse 
arcuate. 

The fibrils wi&in 
the bundles, and the 
bundles, and the la- 
mellee of bundles are 
held together by an 
interstitial, albumin- 
ODB, semi-fluid, cement 
substance, which, like 
other similar intersti- 
,™ ,. ^_^ , Q^ ti*i substances, be- 

Fi«. IBS— rrom • TMtioal Section , . ,1. 1 i_ v 

Krongh tha Membnue* ol the Efs lOHgStO the globulins, 

•^^chm. sad is soluble in 10 

'■tiiSri?'.'''f«Sl«aS'p™iftiIwSr^' F*f <*"*■ saline solu- 

3JoS[d'™l;Sii?c"te?'SMM''Srthi?ni tion (Schweigger Sei- 

... .1.. ._n._ III- .- .,„«. igiy i few elastic 
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fibrils are seen here and there. Between tiie lamellss 
are left the lacunae and canaliculi for the branched, 
flattened, nucleated corneal corpv^chsy described in 
a previous chapter (Figs. 25, 26). They anasto- 
mose with one another within the same plane, and 
also, to a limited degree, with those of neighbouring 
planes. 

411. (4) The membrana Bescemeti, or elastica 
posterior, is a resistent elastic membrane, conspicuous 
by its thickness in all come». 

(5) The posterior surface of this membrane is 
covered with a mosaic of beautiful polygonal endo- 
thelial cells, each with an oval nucleus — ^the en- 
dothelium of Descemet's membrane. Under stimu- 
lation these cells contract. At first they appear 
slightly and numerously branched, but gradually 
their processes become longer and fewer, and 
ultimately they are reduced to minute clumps 
of nucleated protoplasm, each with a few long pro- 
cesses. 

There are no blood-vessels in the normal cornea, 
except in foetal life, when there is underneath the 
anterior epithelium a plexus of capillaries. 

. The lymphatics are represented as the inter- 
communicating lymph-canalicular system — i.6., the 
laounse and canaliculi of the corneal corpuscles ; and 
in connection with these are lymph channels lined 
with a continuous endothelium and containing the 
nerve bundles. 

412. The nerres (Figs. 68, 69, 70) are distri- 
buted as the nei'ves of the anterior layers, and as 
those of the Descemet's membrane. The first form 
rich plexuses of fibrillated axis cylinders, with trian- 
gular nodal points (Cohnheim), in the anterior layers of 
the ground substance ; from this plexus pass obliquely 
.through Bowman's membrane diort branches — ^the 

rami perforantes (Kblliker) — ^and these immediately 
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underneath the epithelium break up into their oon- 
gtitnent primitive fibrils, the latter coming off the 
former brush-like (Cohnheim). These primitive 
fibrillsB ultimately ascend into the anterior epithelium 
(Hojer, Cohnheim, and others), where they branch, 
and nearly reach the sur£aca They always run 
between the epithelial cells, and are connected into 
a network. According to some observers, they termi- 
nate with free ends, pointed or knobbed ; but according 
to others, with whom I agree, these apparent free ends 
are not in reality free endings. 

413. The nerves of Descemet's membrane form 
also a plexus of non-medullated fibres in the posterior 
layers of the ground substance; from them come 
off vast numbers of primitive fibrillfe, running a more 
or less straiffht and lone course, crossinfif one another 
often unde? right angles ; they ^^Toff vety fine 
fibrils, which are closely associated with the corneal 
corpuscles, without, however, really becoming con- 
tinuous with tKeir protoplasm. 

414. II. The sclerotic consists of lameHae of 
tendinous tissua The bundles of fibrous tissue are 
opaque as compared with those of the cornea, although 
they pass insensibly into them. There are lymph 
clefts between the lamellsd and trabeculte, and in 
them lie the flattened connective tissue corpuscles, 
which, in the dark eyes of some mammals only, certain 
pigment granules. Numerous elastic fibrils are met 
with in the inner layers of the sclerotic. 

415. Between the sclerotic and choroid membrane 
is a loose fibrous tissue, which acts also as the sup- 
porting tissue for the blood-vessels passing to and from 
the choroid. The part of this loose tissue next 
to the sclerotic, and forming part, as it were, of 
the sclerotic, contains, in dark eyes of mammals, 
numerous pigmented connective tissue corpuscles ; it 
is then called lumina /usca. The rest — i.e., next 
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to the choroid membrane—is the supra-choroidad 
tissue. 

416. There are blood-vessels in the sclerotic, which 
belong to it: they are arterioles, capillaries, and 
veins ; in addition to these are the vascular branches 
passing to and from the choroid. 

417. III. The li^aBieiitaBi pectlnatnv 
tridts (see Fig. 152) is a conical mass of spongy tissue, 
joining firmly the cornea and sclerotic to the iris and 
ciliary processes. It forms an intimate connection, on 
the one hand, with the junction of cornea and sclerotic, 
and on the other, with that of the iris and ciliary pro- 
cesses. This ligament is composed of trabecule and 
lamellffi of stiff elastic fibres, forming a continuity, on 
the one hand, with the lamina Descemeti of the cornea 
and the elastic fibres of the sclerotic, and on the other, 
with the tissue of the ciliary border of the iris. The 
trabeculae anastomose, so as to form a- honeycombexi 
plexus, and the spaces in this plexus are lined 
with a layer of fiattened endothelial cells, directly 
continued from the endothelium of Descemet's mem- 
brane, on the one hand, and with the layer of endo- 
thelial cells covering the anterior surface of the iris, 
on the other hand. In some mammals, the spaces 
in the ligamentum pectinatum at the iris end are 
very considerable, and are called the spaces of 

. Fontana. 

The interlamellar and interfascicular lymph- 
spaces of the sclerotic form an intercommunicating 
system. 

The nerves form a dense plexus of non-medullated 
fibres in the tissue of the sclerotic (Helfreich). 

At the point of junction of the cornea and sclerotic, 
but belonging to the latter, and in the immediate 
neighbourhood of the ligamentum pectinatum iridis, 
is a circular canal — ^the carnal of SMenfvm,; this is 
lined with endothelium, and is considered by some 
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(Schwalbe) as a Ijinphatic canal; bj others' (Lieber) 
as a venous vesseL 

418. IV. Tbe cfllarj musele (Fig. 152) or 
tensor choroideso, is £xed to this ligamentuna pecti- 
natum ; it is composed of bundles of non-striped 
muscular tissue. This muscle consists of t^o parts : 
(a) one of circular bundles nearest to the iris — this 
is the portio Miilleri ; (6) the greater part is conaposed 
of radiating bundles, passing from the ligamentum 
pectinatum in a meridional direction for a consider- 
able distance backwards into the tissue of the choroid 
membrana It occupies the space between the liga- 
mentum pectinatum, sclerotic, ciliary processes, and 
the adjoining portion of the choroid membrane. 
The bundles of the muscle are arranged more 
or less in lamellae; within each lamella they form 
plexuses. 

A rich plexus of non-meduUated nerve^fibres, with 
groups of ganglion cells, belongs to the ciliary moscle. 



CHAPTER XXXVII, 

THE IRIS, GILIABT PROCESSES, AND CHOROIDEA. 

419. I. The irla consists of the following layejs : — 

(1) The endothelium of the anterior surf ace : trans- 
parent, flattened, or polyhedral cells, each with a 
spherical or slightly oval nucleus ; in dark-coloured 
eyes of man and mammals brown pigment granules 
are contained in the cell-substance. 

(2) A delicate hyaline basement membrane : it is 
continuous through the trabeculse of the ligamentum 
pectinatum, with the membrana Descemeti of the 
cornea. 
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(3) The substantia propria: this is the ground- 
substance ; it consists of fibrous connective tissue in 
bundles, accompanying the blood-vessels, which are 
very numerous in the tissue of the iiis. Many 
connective tissue corpuscles are found in the sub- 
stantia propria ; they are more or less branched, and 
many of them contain, in all but albino and blue 
eyes, yellowish-brown pigment granules. The colour 
of the iris varies according to the number of these 
pigmented connective tissue cells, and to the amount 
of the pigment granules present in them. 

(4) A hyaline delicate basement membrane limits 
the substantia propria at the posterior surface j this 
is an elastic membrane, and is continued over the 
ciliary processes and choroid as the lamina vitrea, 

420. (5) The last layer is the epithelium of the 
posterior surface : this is a layer of polyhedral cells, 
filled with dark pigment granules, except in albinos, 
where there are no pigment granules. This endo- 
thelium is called the uvea, or tapetum nigrum. The 
interstitial cement substance between the cells is not 
pigmented, but transparent. 

The name "uvea" is sometimes applied to the 
whole of the iris, ciliary processes, and choroid mem- 
brane. 

In blue eyes the posterior epithelium is the only 
pigmented part of the iris, and so it is also in the 
iris of new-bom children ; hence, their eyes are blue. 
Such iris appears blue because its dull tissue is viewed 
on dark ground — ^.6., on the pigmented epithelium of 
the posterior surface.. 

421. Near the pupillary border the posterior sec- 
tion of the substantia propria contains a broad* layer 
of circular bundles of non-striped muscular tissue : 
this is the sphincter pupiUce, In connection with this 
are bundles of non-striped muscular fibres, passing in 
a radiating direction towards the ciliary margin of the 
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iris : these are tlie bundles <& the dUatalor pupUlce, 

fonning a sort of thin membnuie near the posterior 

snrfaoe of the iris (Henle and otheis). At the ciliaiy 

mai^n the bundles take a 

circular direction, and form a 

plexus (Ivanoff). 

422. The l>l< 
(Rg. 153) of the iris are 
very numerous. The arteries 
are derived from the circalus 
arteriosus iridis major, situatod 
at the ciliarj" margin of the 
iris, and from the arteries of 
the ciliary processes. These 
arteries run in a radiating 
direction towards the pupillary 
margin, where they terminate 
in a dense network of capillaries 
for the Hphincter pupill©. But 
there are also rmmeroias capil- 
lary blood-vessels of a raoie or 
IsBS longitudinal direction near 
the posterior surface of the iris. 
The veins accompany the arte- 
1 ries, and both are situated in 
t'le middle stratum of the 

Ffr. IBS. — Btood-neneli Substantia propria. 

n'^^i^M™^'; In the sheath of the blood- 

o/ the Ere of .Child. vessels are lymph clefU and 
*'h'^r?^mw?*B''birJ5- lymph nnvset ; there appear to 
ih™"oi ''ite"miiK'i7 "im- he no other lymphatics. 
^^iSvfSSiiSr,"!^ ^23. The nerve-llbre« 

™'!Kwirtw.'SK'rAS.X are very numerous (Arnold, 
Formad), and hi the outer or 
ciliary portion of the iris form a rich plexus, from 
which are derived, {a) networks of non-medullated 
fibres for the dilator piipillae; ^J>) a network of fine 
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noDrmeduUated fibrei^ for the anterior surface ; and 
(c) a network of non-medullated fibres for the 
sphincter pupiU*. 

The capillary blood-vessels are also accompanied 
by fine nerve-fibres (A, Meyer), and, according to 
Faber, there exist ganglion cells in these nerve net- 
works. 

424. II. The ciliary processes are similar in 
structure to the iris, except, of course, that they do 
not possess an anterior endothelium or an anterior 
basement membrane. The substarUia propria is 
fibrous tissue with elastic fibres and numerous 
branched cells, pigmented in dark (but not in blue) 
eyes. The posterior basement membrane is very 
thick, and is called the lamina vitrea ; in it may be 
detected bundles of fine fibrils. It possesses perma- 
nent folds arranged in a network (H. Miiller). The 
inside of it is covered with a layer of pigmented poly- 
hedral epithelium, the tapetum nigrum : the cells are 
polygonal when viewed from the surface. The in- 
dividual cells are separated by thin lines of a trans- 
parent cement substance. This pigmented epithelium 
is covered with a layer of transparent columnar 
epitheloid cells, each with an oval nucleus. These are 
closely fixed on the tapetum nigrum, and represent a 
continuation of the retina over the ciliary processes : 
this is the pars ciliaris retince (Fig. 154). 

425. The arterial branches for the ciliary processes 
and muscle are chiefly derived from the circulus arte- 
riosus iridis major, and form a dense network of 
capillaries for the former; to each of these corre- 
sponds a conical group of capillaries (Fig. 153). 

426. III. The clioroid membrane consists — 
counting from outwards, i.e., from the sclerotic, inwards, 
i.e., towards the retina — of the following layers : — 

(1) The membrana supra-choroidea. This is a 
continuation of the sclerotic, with which it is identical 
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in Btnicture ; the epacee between ite Umellte are 
lined with endothelium, and represent Ijnmph spaces 
(Bchwalbe). 

(2) Next followB an elastic layer which contains 
networks of elastic fihres, the branches of the arteries 



Fit. lM.~Fn>m a Totlcal S«tloii UrnDgh tlia CilluT FroocMea of 
tha Oi's £;e. 

properrn«ntanDert(tlk0clMif7rntir«BB;\ tliAitieiiiBDtrdepltlieUamqpverliis 
^B mndllfcrli T^tiniB covering tbe bfukot tlieciliBrr irowiB«T ^ZdmiIa 

and veins, and, in its outer portion, pigmeated cells 
(Fig- 135)- 

427. (3) Then follows the membrana chorio- 
capillaris, a dense network of capillary blood-vessels 
embedded in a tissue containing numerous branched 
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and unbranched pigmented and unpigmented connec- 
tive-tissue cells. 

(4) The lamina vitrea ; and, finally, 

(5) T3ie tapetum nigrum, or the pigmented epithe- 
lium, which, however, is considered part of the 
retina In the region of the ora serrata of the 
retina also— i.e., next 

totheciliaryprocesses 
— this zone of the 
choroidea is lined 
with a layer of trans- 
parent, columnar, 
epitheloid cells, re- 
presenting the pars 
ciliaris retinae. 

428. The arteriee 
ciliares breves and recurrentes, situated in the outer 
pai-t of the choroidal tissue, form ultimately the dense 
networks of capillaries for the chorio-capillariea The 
veins derived from this pass into the outer ])art of 
the choroid, where they anastomose so as to form the 
peculiar large veins, . which are called the ven» 
vorticosae. 




Pig. 155.— Pigmented Connective Tissue 
Cells of the Choroid Coat. (Atlas.) 



CHAPTER XXXVIII. 

THE LENS AND VITEEOUS BODY. 

429. (1) The lens consists of a thick, firm, elastic 
capsule and of the lens substance. The former shows 
fine longitudinal striae, and diminishes in thickness 
towards the posterior pole of the lens. The surface 
of the capsule facing the anterior surface of the lens- 
substance is lined with a single layer of polyhedral, 
granular-looking, epithelial cells, each with a spherical 
or oval nucleus. This epithelium stops as such at the 
u 
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tnargin of the lens, where ita cells, gradually elonga- 
ting, pass into the lens-fibres. The Buclei of these 
lie in a curved plane belonging to the anterior half of 
the leoB : this is the nudea^ none. The lens-substance 
consists of the lene-Jibret. These are band-like, hexa- 
gonal in transverse section ; their outline is beset 
with numei'ous fine ridges and furrows, which in 
neighbouring fibres, fitting the one into the other, 
fonn a firm connection between the fibres (Valentin, 
Henle, Kolliker, and others). The fibres of the 
peripheral portion are broader and thicker, and their 
Bubstanoe less firm than those of the centre — i.e., of 
the lens-nucleus. The substance of the lens-fibres is 
finely granular and delicately and longitudinall}' 
striated. 

430. The lens fibres (Fig. 156) are arranged in 
concentric lamellse, each consisting of a single layer of 
fibres joined by liieir broad 
surfaces. Each fi,bre is slightly 
enlarged at the extremities; 
and in each lamella the fibres 
extend from the anterior to the 
posterior surface. Their ex- 
tremities are in contact with 
the ends of the fibres of the 
same lamella in the eutw6», or 
the rays of tlie so-called len» 
Fk. im.— From & SeotioD Btara. In the lens of the new- 

Q|rough the Leni o( bom child, the stars of both ■ 
shnwiig four uraeiiB' In anterior and poeteiior lamellie 
™™ m STm™' 'S possess three such i-ays, while 
SSSfiAU.S'""*''™^ ™ ^^ adult ea^h of these rays 
has secondary rays. In these 
rays there is a homogeneous thin layer of an albu- 
minous cement substance ; a similw- substance in 
minute quantity is also present between the lamelhe, 
and in it occur smaller or larger clefts and channeli^ 
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which evidently carry the nutritious fluid for the lens- 
fibres. 

431. (2) The Titreous body is a fluid substance 
enclosed in a delicate hyaline capsule — the memhrana 
hycdoidea. This membrane, at the margin of the 
fossa patellaris of the vitreous body — i.e., the fossa in, 
which the lens is lodged — but without covering it, 
passes as the zonula ciliaris) or zonula Zinnii, or 
stispensorj/ ligament of the lens, to the margin of the 
latter, to which it is finnly adhering. So it adheres 
also to the surface of the ciliary processes. The 
zonula Zinnii is hyaline and firm, and is strengthened 
by numbers of bundles of minute stiff fibrils. 

Between the suspensory ligament of the lens, the 
margin of the lens and of the fossa patellaris is a 
circular lymph space, called the canalis Petiti. 

Beneath the membrana hyaloidea are found iso- 
lated nucleated granular-looking cells (the subhyaloid 
cells of Oiaccio), possessed of amoeboid movement 
(Ivanoff). 

432. The substance of the corpus vitreum appears 
differentiated by clefts, concentric in the peripheral, 
radiating in the central, part (Briicke, Hannover, 
Bowman, Ivanoff, Schwalbe). But these do not 
contain any distinct membranous structures (Stilling, 
Ivanoff, Schwalbe). 

The canalis hyaloideus, or canal of Stilling, extends 
from the papilla nervi optici to the posterior capsule 
of the lens, and is lined with a continuation of the 
membrana hyaloidea. 

433. In the substance of the corpus vitreum occur 
isolated nucleated cells ; they have amoeboid move- 
ments, and some contain vacuoles, from commencing 
degeneration. They are all identical with whit© 
blood-corpuscles (Lieberkuhn, Schwalbe). 

Fine bundles of fibrils are occasionally seen in the 
substance of the vitreous body. 



CHAPTER XXXIX, 

TBH BETINA. 

i34. THiETetma(Fig. 157)coiiBiBt.sof thefoUowing 
. layers, counting from inwards towards the choroid mem- 
brane :—(l) The 
membrana limitana 
interna, which is 
next to the mem- 
braua hyaloidea of 
f the vibreouB body ; 
(2) the nerve-fibre 
layer; (3) the layer 
of gttnglioti cells} 
(4) the inner gran- 
ular or inner mole- 
cular layer; (6) the 
layer of inner 
nuclei; (6) the 
outer granular, or 
outer molecular, or 
^. ,„ ^ intemudear layer ; 

arongh the I^a of Sheep; PeriphenJ (") t^B layer of 

Portion of Ksiiiitt. outer nuclei ; (8) 

*,S;rotep^^*,ar!l^^fi.\St£v™ tl»e membrana 

"/uiVI'sTt«i™v'tteiJ^5rf^,T?M limitans externa; 

SiirX'^(5.'1ri?iS£-"^''tki^''^B'3S- (9) the layer of 

E^gfioD %S -i°h"'iiJe''^i.S '^ te^ ">ds and cones ; 

fXf'"''™''"'"'^'^"""^'""'™- Mid (10) the pig- 
mented epithelium 
of the retina, or the tapetum nigrum mentioned above, 
which forma, at the same time, the inner lining epithe- 
lium of the choroid membrane. 
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435. From this drrangement U excepted^-{a) the 
papUla nervi optici, f6) ttie macula lutea and fovea 
centralis retiiue, and (c) the ora seirata of the retina. 

(a) The papillci nervi optici, or the blind Bpot of 



Fig. 1B8.— I>i»«t»tn ot tte Her- Pig. ISB.— IMagriio ot tha Coi)ii*rtlv« 



the retina, represents the entrance of the optic nerve- 
fibrea into Uie retina; thence, as from a centrr, 
they Bpread out in a radiating direction into the 
wvucer-shaped retina, of wMcIi they form the internal 
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layer. No other elements of the retina are present at 
the papilla, except a continuation of the limitans 
interna. At the papilla nervi optici the arteria and 
vena centralis nervi optici also enter, and spread 
out with their branches in the inner layers of the 
retina. A large lymph space is also found there. 

(6) The macula lutea and fovea centralis will be 
considered after the various layers of the retina have 
been described. 

(c) At the ora serrata all cellular and nuclear 
elements of the retina — except the pigmented epithe- 
lium — and the nerve-fibres, come to an end ; but the 
limitans interna, with its peculiar radial or MuUer's 
iibres, is continued over the ciliary processes in the 
shape of columnar epibheloid nucleated cells men- 
tioned above : this is the pars ciliaris retinae. 

436. Structure of the layers of the retina (Figs. 
158, 159). 

(1) The membrana limitans Interna is 
composed of more or less polygonal areas, which are 
the ends, or bases of pyramidal, finely-striated fibres 
— the radial fibres of Midler. Each radial fibre passes 
from the limitans interna in a vertical direction 
through all layers to the limitans externa, and on its 
way gives off numerous lateral branchlets, fibrils, and 
membranes, which anastomose with one another so as 
to form a honeycombed stroma or matrix for all 
cellular and nuclear elements of the retinal layers. 
In the nerve-fibre layer the radial fibres are thickest, 
this being, in fact, the pyramidal basis ; in the inner 
nuclear layer each possesses an oval nucleus. 

437. (2) The layer of nerve- fibres.— The 
optic nerve-fibres at their entrance into the eyeball 
lose their medullary sheath, and only the traiispai-ent 
axis cylinder is prolonged into the retina. In man, 
medullated nerve-fibres in the retina are very excep- 
tional ; in the rabbit there are two bundles^ whose 



Chap. XXXIX.] The Retina. 3 1 1 

fibres retain their medullary sheath in the -retina 
(Bowman). The nerve-fibres remain gi'ouped in 
bundles in the retina, and even form plexuses. For 
obvious reasons, the number of nerve-fibres in the 
nerve-fibre layer diminishes towards the ora serrata, 

438. (3) Tbe layer of sanKlionceUs. — ^There 
is one stratum of these cells only, except in the 
macida lutea, where they form several strata. Each 
cell is multipolar, and possessed of a large nucleus. 
One process is directed inwards and becomes con- 
nected with a fibre of the nerve-fibre layer. Several 
processes pass from the opposite side of the cell, and 
enter the next outer layer, i.e., the inner molecular 
layer. 

According to Max Schultze and others, they break 
up there into a reticulum of fibrils which is part of 
this molecular layer ; but according to Retzius, Mans, 
and Schwalbe, they simply pass through the inner 
molecular layer. 

The ganglion cells are separated from one another 
by the radial fibres of Muller. 

439. (4) Tbe inner molecnlai* layer is a 
fine and dense reticulum of fibrils, with a small 
amount of granular matter between. The fibrils are 
connected with lateral branchlets of the radial fibres 
of Muller. This layer is, on account of its thickness^ 
a conspicuous part of the retina. In lower vertebrates 
it appears stratified. 

440. (d) Tbe inner nnclear layer contains in 
a honeycombed matrix of a hyaline stroma numerous 
nuclei, in two, three, or four layers. In the am- 
phibian retina these form a larger number of layers. 
Some oblong nuclei of this layer belong, as haB been 
mentioned above, to the radial fibres of MiiUer. 
Next to the molecular layer are small nuclei belonging 
to flattened branched cells (Vintschgau). But the 
great majority of the nuclei of this layer are slightly 



312 ELEMEirrs of Histology, [Chap.xxxix. 

oval, with a reticulum in their interior. Each belongs 
to a Bpindle-fihaped cell, with a small amount of proto- 
plasm around the nucleus ; it is, in fact, a bipolar gang- 
lion cell (Max Schultze), of which one process (the 
inner) passes as a fine varicose fibre into and through, 
the inner molecular layer, to become connected with 
the outer processes of the ganglion cells (Ketzius, 
Schwalbe), while the other or outer process passes into 
and through the next outer layer of the retina. 

(6) Tbe ODter molecular layer is of exactly 
the same structure as the inner molecular lay^ — 1.0., 
a fine reticulum of fibrils — ^but is considerably thinner 
than the latter. 

441. (7) The outer nuclear layer contains, in 
a honeycombed matrix, a large number of oval nuclei. 
In the retina of man and mammals these nuclei are 
always present in considerably greater numbers or 
layers than those of the inner nuclear layer, but in 
the amphibian animals the reverse is the case. They 
are smaller than the nuclei of the inner nuclear layer, 
and show often a peculiar transversely-ribbed differ- 
entiation of their contents (Henle, Krause). The 
honeycombed matrix of this layer is in connection 
with lateral branchlets of the radial fibres of Miiller, 
with which it forms a sort of limiting delicate mem- 
brana propria at the outer surface of the layer; 
this is 

442. (8) The limitansextenuu^^The nuclei of 
the outer nuclear layer next to this limitans externa are 
connected, in the retina of man and mammals, with 
the cones, while the nuclei farther inwards from the 
limitans externa are connected with the rods. In 
both instances the connection is established through 
holes in the limitans externa. Each nucleus of 
the outer nuclear layer is, in reality, that of a 
spiadle-shaped cell with a minute amount of proto- 
plasm ] this is prolonged outwards, as the outer part 
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of the rod- or cone-fibre, to become connected with a 
rod or cone respectively, while inwards it passes into 
a longer, more conspicuous fibre, the inner part of the 
rod- or cone-fibre. This branches, and penetrating 
into the outer molecular layer, is lost with its 
branchlets among the fibrils of this layer. 

443. (9) The rods and cones. — Each rod is 
of cylindrical shape, with rounded or conical outer 
extremity ; it consists of an outer and inner member, 
joined by linear cement. Its substanoe is bright and 
glistening, and that of the outer member is composed 
of the neurokeratin of KiLbne and Ewald. In 
the fresh state the outer member shows a more or 
less fine and longitudinal striation, due to longitudinal 
fine ridges and furrows (Hensen, Max Schultze). 
After certain reagents, such as serum, liquor potasss, 
the outer rod-member disintegrates into numerous 
transverse, thin, homogeneous-looking discs (Hannover). 
The inner member in the human rods is slightly 
broader than the outer ; it is pale or finely and longi- 
tudinally striated, and contains in many instances a 
peculiar lenticular structure ; in the human and 
mammalian retina this is absent, but in its stead is a 
mass of longitudinal fibrils (Max Schultze). The 
inner member passes through a hole in the limitans 
externa, and becoming thinner, represents the outer 
part of the rod-fibre. 

444. Each c<yn/& is composed of an outer, short, 
pointed, conical member, and an inner larger member 
with convex surface: this is the body of the cone. 
The outer member of the cone separates under certain 
conditions also into thin transverse discs. The body 
of the cone is longitudinally and finely striated. 
The outer extremity of the body of the cones in 
many birds, reptiles, and amphibia contains a spheri- 
cal corpuscle of red, orange, yellow, green, or even 
blue colouration. v 
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I^e cones are shorter than the rods, the pointed 
end of the former not reaching 
much farther than the junction 
between the outer and inner 
members of the rods. 

In the macala lutea and 
fovea oentrolis of man and 
mmt mammals there are pre- 
sent cones only, and towards 
the peripheral portion Of the 
retina they gradually de- 
crease in numbera; in the 
peripheral part there are only 
roda But in birds the cones 
exceed the rods everywhere. 

In the bat and mole the 
macula lutea possesses no 
cones, and in ^e owl, rat, 
mouse, guinea-pig, and rabbit, 
they Hre few and small 

446. The outer members 

of the rods (only) contain in 

the freeh and living state a 

peculiar diffuse purplish colour 

(Leydig, BoU, Eiihne) : this 

is tiie visual purple or Rhod- 

opain of Euhnci When 

exposed to sunlight it 

^^C^^*^^ P««« through red, onmge, 

j.Tiie pinniEiiirf epitheiiom a°d ycllow, and finally 

b'btSS' '*,"(& oukt'S'c™ disappears altogether — bo-- 

iewSeflfreiTlftbJ <»n»ea bleached. There itf 

™*^ luii'^i'ei- i^** visual purple in the rods 

&oiiS-'m>i™ST°!MeJl»: "' Ehinolophus hipposideros, 

■Soie5SiIr"ii^-<*'tta°iiuSti f"^! ^^^ pigcoi J ^ those 

wr^iigSTTbrllJiill'd^ »«tin» in which the cones 

■bHuv well itaown. (At^i contain coloured globules (see 



ir» 
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above) the surrounding rods are wanting in the visual 
purple. 

The visuaj purple stands in an intimate relation to 
the pigmented epithelium of the retina^ since a 
retina regains its visual purple after bleaching, when 
replaced on the pigmented epithelium (Kiihne). This 
holds good, of course, only within certain limits. 

446. (10) Xbe pigmented epitlieliiim (Fig. 
160), or tapetum nigrum, is composed of polygonal pro- 
toplasmic cells, which, when viewed from the surface, 
appear as a mosaic, in which they are separated from 
one another by a thin layer of cement substance. Each 
cell shows an outer non-pigmented part, containing tlie 
slightly-iiattened oval nucleus, and an inner part next to 
the rods and cones, which is full of pigmented crystalline 
rods (Frisch). This part is prolonged into numerous 
fine fibrils, each containing a row of the pigmented 
particles, and these fibrils pass between the outer 
members of the rods, to which they closely adhere, and 
which in reality become almost entirely ensheathed 
in them (M. Schultze). Each cell supplies a number 
of rods with these fibrils. Sunlight causes a protru- 
sion of these fibrils from the cell body, whereas in 
the dark they are retracted (Kiihne), in a manner 
similar to what takes place in pigmented connective 
tissue cells. (See par. 43.) The tint of this pigment 
is darker in dark than in light eyes. It is bleached 
by the light in the presence of oxygen (Kiihne), but 
it persists in the absence of oxygen (Mays). 

447. The macula lutea (Fig. 161) of man and 
ape contains a difiuse yellow pigment, between the ele- 
ments of the retina (M. Schultze). In man and most 
mammals, as mentioned above, there are hardly any 
rods here, but cones only ; these are longer than in 
other parts, and in the fovea centralis they are 
longest, and, at the same time, very thin. Since 
there are few rods here, the nuclei of the outer nuclear 
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layer are limited to a very few layers (generally abont 
two) next to the membrana limitans externa. For 
this reason, the rest of the outer nuclear layer is 
occupied by the cone-fibres only, which in the fovea 
centralis pass in a slanting, or almost horizontal. 



YSt. ISL— From ■ Taiilul Saotian ttutnurh tlu Haonla Intaa and 

ToTBa CentTilii. 

\ o^J^mSl^ciili' S?f ; ™i!O^StiK. r »° ajJa." «)£srun(iV >Ul BcboluS ' 

direction sideways into the outer molecular layer. 
The ganglion cells form several strata in the macula 
lutea. In the fovea centralis are present the cones 
(very long and thin), the limitans externa, the few 
nuclei representing the outer nuclear layer, a thin 
continuation of the inner molecular layer, and the 
limitans interna. 

448. In the embiyo, the primary optio vesicle 
becomes invaginated so as to form the optic cup, 
which consists of two layers — an outer, giving origin 
to the pigmented epithelium ; and an inner, the retina 
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proper. In this the rods and cones, with their fibres 
and- the nuclei of the outer nuclear layer, corre- 
spond to columnar epithelial cells (the sensory epithe- 
Hum), while all the other layers — i.e., the outer mole- 
cular, inner nuclear, inner molecular layer, ganglion 
cells, nerve-fibres, and limitans interna — represent 
Briicke's tunica nervea or Henle's stratum nerveunu 

449. The blood-vessels of the retina. The 
branches of the arteria and vena centralis of the optic 
nerve can be traced into the retina in the layer of 
nerve-fibres and ganglion-cells, while the capillaries 
connecting the arteries with the veins extend through 
the layers up to the outer molecular layer. 

The lywapHkBticiA of the retina exist as perivascular 
lymphatics of the retinal veins and capillaries (His). 
Lymph channels are present in the nerve-fibre layer. 

450. The lamina cribrosa is the part of the 
sclerotic and choroid membrane through which the optic 
nerve-fibres have to pass in order to reach the papilla 
nervi optioL In the optic nerve the fibres are grouped 
in larger or smaller groups — ^not bundles, in the sense 
of those present in other nerves, and siuTounded by 
perineurium (see a former chapter) — ^but surrounded 
by septa of connective tissue, and these groups pass 
through corresponding holes of the sclerotic and choroid. 

451. The optic nerve possesses three sheaths, 
composed of fibrous connective tissue — (a) an outer, 
or the dural ; (b) a middle, or arachnoidal ; and (c) an 
inner, or pial, sheath — which are continuations of the 
respective membranes of the brain. The pial sheath 
is, in reality, the perineurium, the whole optic nerve 
being comparable to a compound nerve-bundle as de- 
scribed in a former chapte^. The dural sheath of the 
optic nerve, at its entrance into the lamina cribrosa, 
passes into the outer strata of the sclerotic, while the 
arachnoidal and pial sheaths pass into the inner strata 
of the sclerotic. Outside the dural sheath is a lymph 
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space — ^the supravaginal space ; and also between these 
various sheaUis are lymph spaces — the subdural or 
subvaginal space of Schwalbe, and the subarachnoidal 
space. The supravaginal and subvaginal spaces anas- 
tomose with one another (Michel). 

452. Around the sclerotic is a lymph space limited 
by a fibrous membrane — ^the T&twnian capsule : the 
space is called the Tenonian space. The supravaginal 
space anastomoses with this Tenonian space, and into 
it pass also the lymph clefts in the suprachoroidal 
tissue (Schwalbe), by means of the lymph canalicular 
system of the sclerotic (Waldeyer). The supracho- 
roidal lymph spaces communicate also with the sub- 
arachnoidal space of the optic nerve. 



CHAPTER XL. 

THE OUTER AND MIDDLE BAR. 

453. The meatus auditorius extemus is lined with 
a delicate skin, in structure identical with, but thinner 
than, the skin of other parts. The ceruminous 
glands have been mentioned and described before. 
The cartilage of the auricula and its continuation into 
the meatus auditorius extemus is elastic cairtilaga 

454. The iiieiii1>raiia, tympaiii separating the 
outer from the middle ear has for its matrix a firm 
stratum of stiff trabeculse of fibrous connective tissue, 
with numerous elastic fibrils and elastic membranes. 
This is the middle and chief stratum of the membrane : 
outwards it is covered with a delicate continuation of 
the skin of the meatus auditorius extemus, and inwards 
with a continuation of the delicate mucous membrane 
lining the cavum tympani In the middle stratum of 
the membrana tympani the trabeculsB radiate more or 
less from the junction of the manubrium mallei with 
the membrane ; but towards the periphery many are 
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also arranged in a circular direction. The former 
belong to the outer, the latter to the inner, portion of 
the middle stratum. 

The mucous membrane lining the tympanic surface 
of the membrane is delicate connective tissue, covered 
with a single layer of polyhedral epithelial cells. 

The blood-vessels form capillary networks for all 
three layers — ^t.e., a special network for the skin 
layer, a second for the middle stratum, and a third one 
for the mucous layer ; the lymphatics are also arranged 
in this way. An intercommunicating system of lym- 
phatic sinuses and clefts (Kessel) is left between the 
trabecule. The non-medullated nerve-fibres form 
plexuses for the skin and mucous layer ; from these 
pass off fine fibrils, which form a sub-epithelial net- 
work, and from this the fibrils pass into the epithelium. 

455. The tnba Cnstaehll is lined with a 
mucous membrane, which is a continuation of that 
lining the upper part of the pharynx, and therefore, 
like it^ is covered on its inner or free surface with 
columnar ciliated epithelium. As in the pharynx, so 
also here, we find a good deal of adenoid tissue in the 
mucous membrane. 

The cartilage of the tuba Eustachii in the adult ap- 
proaches in structure the elastic cartilages of other parts. 

456. The caTiiiii tympani, including the cellulsB 
mastoidesB and the surface of the ossicula auditus, is 
lined with a delicate connective tissue membrane. Its 
free surface is covered with a single layer of poly- 
hedral epithelial cells in the following regions : on 
the promontory of the inner wall of the cavity, on the 
ossicula auditus, on the roof of the cavity, and in the 
cellulffi mastoidese; in all other })arts it is columnar cili- 
ated epithelium, like that lining the tuba Eustachii 

457. The three osslcnla anditnft are osseous 
substance covered with periosteum, which is covered 
with the delicate mucosa just described. The Hga- 
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ments of the bones are, like other ligaiineiitfi, made up 
of straight and parallel bundles of fibrous connective 
tissue. The articulation surface of the head of the 
malleus, of the incus, of the extremity of the long 
process of the incus, and of the stapes, are covered 
with hyaline (articular) cartilage. 



CHAPTER XLL 

THE INTERNAL EAR. 

458. The osseous labyrinth consists of the vesti- 
bule, prolonged on one side into the cochlea, and on 
the other into the three semicircular canals, each of 
which possesses an ampulla at one extremity. The 
vestibule shows two divisions — ^the fovea hemispherica 
next to the cochlea, and the fovea hemielliptica next 
to the semicircular canals. The cochlea consists of 
two and half turnings twisted round a bony axis — the 
modiolus. From this a bony lamina extends towards 
the outer wall for each turn, but does not reach it : 
this is the lamina spiralis ossea. It extends through 
all turns, and it subdivides the cavity of each turn 
into an upper passage, or scala vestibuli, and a lower, 
or scala tympani. At the top of the cochlea the two 
scalsB pass into one another by the helicotrema. The 
scala vestibuli opens into the fovea hemispherica, 
while the scala tympani at its commencement — i.e., 
at the proximal end of the first turn — ^would be in 
communication, by the fenestra rotunda, with the 
cavum tympani, were it not that this fenestra rotunda 
is closed by a membrane — ^the secondary membrana 

459. The semicircular canals start from, and return 
to, the fovea hemielliptica of the vestibule. 

The fenestra ovalis leads from the cavum tympani 
into the vestibule-it6 hemisplieric division ; a^d^ 



Chap. XL!.] The Internal Ear. 321 

fenestra ovaJis is, in the fresh condition, filled out by a 
membrane, in which the basis of the stapes is fixed, 
the circumference of this being nearly as great as that 
of the fenestra. 

460. The osseous labyrinth in all parts consists of 
ordinary osseous substance, with the usual periosteum 
lining its outer surface and its inner cavities. These 
cavities contain the albuminous fluid called perilymph. 
But they are not filled out by this, since, in each of 
the two divisions of the vestibule, in each of the 
semicircular canals, and in the cochlea, is a mem- 
branous structure, analogous in shape to the corre- 
sponding division of the labyrinth. These membranous 
structures possess a cavity filled with the same albu- 
minous fluid as above, called the endolympk. These 
structures are disposed thus — ^in the fovea hemispherica 
is a spherical sac, called the saccule; in the fovea 
hemielliptica is an elliptical sac, the utricle; in each of 
the three semicircular canals is a membranous semi- 
circular tube, which possesses also an ampulla corre- 
sponding to the ampulla of the bony canal. 

461. In the cochlea is a membranous canal, tri- 
angular in cross-section — the scala media or cochlear 
duct — ^which also twists two and half times from the 
basis to the apex of the cochlea, and is placed against 
the end of the lamina spiralis ossea so as to occupy a 
position between the peripheral part of the scala vesti- 
huli and scala tympani. 

462« The different divisions of the membranous 
labyrinth are connected with one another in this 
manner : the three semicircular (membranous) canals 
open into the utricle ; this does not form a direct con- 
tinuity with the saccule, but $, narrow canal comes off 
both from the saccule and utricle; the two canals 
join into one minute membranous tube situated in the 
aqueductus vestibuli At its distal end it enlarges 
into the saocus endolymphaticus, situated in a cleft of 

V 
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the dura mater, covering the posterior surface of the 
petrous bone. The saccule is in communication with 
the cochlear canal or scala media, by a short narrow 
tube — the canalis reuniens of Reichert Thus the 
cavity of the whole membranous labyrinth is in 
direct communication throughout all divisions, and it 
represents the inner lymphatic space of the labyrinth. 
There is no communication between the perilymph 
and endolymph, and the cavity of the membranous 
labyrinth stands in no direct relation to the cavtun 
tympani, since the fenestra ovalis and fenestra rotunda 
both separate the perilymphatic space, or the cavity 
of the bony labyrinth, from the cavum tympani The 
vibrations of the membrana tympani, transferred by 
the ossicula auditus to the fenestra ovalis, directly 
affect, therefore, only the perilymph. The fluctuations 
of this pass from the vestibule, on the one side, 
towards and into the perilymph of the semicircular 
canals ; and on the other side, through the scala . 
vestibuli, to the top of the cochlea, then by the heli- 
cotrema into the scala tympani, and find their conclu- 
sion on the membrana secundaria closing the fenestra 
rotunda^ On their way they affect, of course, the 
membrane of Reissner (see below) separating the scala 
media from the scala vestibuli ; and the vibrations of 
this membrane naturally affect the endolymph of the 
scala media and the terminations of the auditory 
nerve-fibres (see below). 

463. Structure of semieirenlar canals, 
utricle and saccule* — ^The mem6ranot£9 B&mv- 
circular canals are fixed by stiff bands of fibrous 
tissue to the inner periosteum of the one (convex) 
side of the osseous canal, so that towards the concave 
side there is left the space for the peril3nnph. A 
similar condition obtains with regard to the saccule 
and utricle, which are fixed by the inner periosteum 
to one side of the bony part. 
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The structure of the wall ia the same in the Bemi- 
ciroul&r canals, utride and saccule. The above-men- 
tioned fibrous ligaments of the periosteum form an 
ou^er coat; inside this is a glassy- looking tumiea, 
propria. At one side (the one away from the bone) , 
this tunica propria forms numerous papillary projec- 
tions. The internal 
surface of the mem- 
brane is covered with a 
single layer of poly- 
hedral epithelial cells. 

464. Each of the 
branches of the nervus 
vestibuU — i.e., one for 
the saccule, one for the 
utricle, and three for 
the three ampullsB — 
possesses a ganglionic 
swelling. The nerve- 
branch, having passed 
tiirough the membra- 
nous wall, enters 
special thickenings of 
the tunica propria, on pjg. ia2._FKm.»T™m™fflMEeoii«i 

that nart of the mem- tntough tlLeMacalaAciisticaof Uia 
'^ tFbticlealtljaLtibjiiiitliotaaulnea. 



ilediilliMd nerre flbrs, fomlD? pln- 
IH tniHrTcluliettmB 1dJwnmiiDimr> ; 
lUKniiT cSla btfond tbs 



t part o 
branous wall next to 
the bone ; in the sac- 
cule and utricle the 
thickening is called 
macula acugtica, in the 
ampullae crista acasttea 

(Fig. 162) (M. Schnltze). Thia thickening is a large 
■villous or fold-like projection of the tunica propria, 
into which pass the nerve-fibres of the several 
branches. These fibres are all medullated nerve- 
fibres, and, ascending towards the internal or 
free surface of that projection, form a plexus. In 
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this plexus are interspersed numerous nuclei. From 
the medullated fibres pass off minute bundles of 
primitive fibrilles, whioh enter the epithelium that 
covers the free surface of the projection. 

465. This epithelium is composed of a layer o£ 
columnar or conical cells, between which are wedged 
in spindle-shaped ceUs ; both kinds possess an oval 
nucleus. According to Max Schultze and others, each 
of the spindle-shaped cells is connected by its inner 
process with the nerve-fibrillas coming from under- 
neath ; whereas, towards and beyond the free surface, 
its outer process is prolonged into a long, thin, stiff, 
aud/Uory hair. Max Schultze, therefore, calls the 
columnar cells epithelial; the spindle-shaped ones, 
sensory, 

Betzius, on the other hand, maintains that, in the 
case of fishes at any rate, the epithelial cells are those 
which are connected each with a bundle of nerve- 
fibrillse, and that each sends out over the internal free 
surface a bundle of fine stiff hairs — the auditory hairs. 
The spindle-shaped cells of Max Sohfiltze, according 
to this theory, are only supporting cells. The free 
surface of the epithelium is covered with a homo- 
geneous cuticle, perforated by holes which correspond 
to the epithelial cells and the auditory hairs. 

On the internal surface of the macula and crista 
acustica are found the otoliths^ rhombic crystals, and 
amorphous masses, chiefly of carbonate of lime, em- 
bedded in a gelatinous or granular-looking basis. 

466. The cochlea (Fig. 163), as has been men- 
tioned above, consists also of a bony shell and a 
membranous canal, the former surrounding the latter 
in the same way as the bony semicircular canal does 
the membi'anous — i.e., the latter is fixed to the outer 
or convex side of the former. The difference between 
the cochlea and the semicircular canals is this, that in 
the cochlea there is a division of the peiilymphatio 
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space by an osseous projection — ^the lamina spiralis 
ossea — and by the scala media into two scalse, viz., the 
(upper) scala vestibuli, and the (lower) scala lympani 

467. In the osseous modiolus are numerous paraJ- 
lei canals for bundles or groups of the fibres of the 
cochlear branch of the auditory nerve : these canalcr 
open into the poms intemus.^ which Ues a large 
ganglion connected with the nerva 

The nerve bundles situated in the canals of the 
modiolus, corresponding to the lamina spiralis ossea, 
are connected with ganglionic masses— composed of 
bipolar gangUon ceUs-K»lled the gangUon spirale of 
CortL From this ganglionic ma^ the nerve-fibres (aU 
medullated) can be traced into the lamina spiralis 
ossea, in which they form rich plexuses extending to 
the margin of this lamina — i.e., to the membrana 
basilaris of the scala media (see below). 

468. From the margin of the lamina spiralis ossea 
to the external bony shell extends the membrana basi- 
laris (Fig, 163), forming the lower and chief wall of 
the scala media, while the upper wall of the canal is 
formed by the membrane of Reissner, extending 
under an acute angle from near the margin of the 
lamina spiralis ossea to the outer bony shell 

On a transverse section through the scala media 
we see the following structures : — 

469. (1) Its outer wall is placed close against 
the periosteum lining the internal surface of the bony 
shell ; it consists of lamellar fibrous tissue, with 
numerous stiff elastic bands, and is the vestibular 
part of a peculiar ligament — ^the ligamerUum spirale 
(KoUiker) — semi-lunar in cross section, and with its 
middle angular projection fixed to the outer end of 
the membrana basilaris, 

470. (2) Its inner urall is represented by an 
exceedingly delicate membrane — the membrane of 
EeissneT ; this is also its upper wall, extending under 
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an acute angle from the upper outer angle of the scala 
media to the lamina spiralis ossea. But there it is not 
j&xed on the osseous substance, but on a peculiar pro- 
jection on this latter — ^the crista spiralis (Fig, 163, w), 
which is a sort of tissue intermediate between fibrous 
and osseous tissue, and added to the vestibular surface 
of the lamina Spiralis ossea. This crista spiralis has 
on its inner surface — i.e., that directed towards the 
scala media — a deep sulcus, called the sulcus spiralis^ or 
sulcus spiralis intemus ; so that of the crista spiralis 
there are two labia to be distinguished — the labium 
vestibulare and the labium tympanicum; the former 
being the upper, the latter the lower, boundary of the 
gtdcus spiralis. 

471. (3) Between the labium tympanicum of the 
crista spiralis and the above-mentioned projection 
of the ligamentum spirale extends, in a straight 
direction, the membrana hasilaris, forming the lower 
wall of the scala media. The scala media is lined on 
its whole internal surface with epithelium, this only 
being derived from the epithelium forming the wall of 
the auditory vesicle of the embryo, peculiarly modified 
in certain places. The scala tympani and scala vesti- 
buli are likewise lined with a continuous layer of 
flattened cells — an endothelium, which only on the 
lower (tympanic) surface of the membrana basilaris 
is somewhat modified, being composed of granular 
looking irregular cells. 

472. As regards the scala media, the epithelium 
lining its internal surface is of the folUowing aspect : 
Starting with the lower outer angle — i,e., where the 
membrana basilaris is fixed to the ligamentum 
pirale — ^we find it a single layer of polyhedral or 
short columnar transparent cells, lining this outer 
angle — ^ cells of Claudius ; ascending on the liga- 
mentum spirale, the cells become shorter, more squa- 
mous ; such are found over a slight projection on 



328 Elements of Histology, [chs^ xli. 

the outer wall — ue,^ the ligamentum spirale acoesso- 
rium — caosed by a small blood-vessel, the vas pro- 
minens. 

473. Then we come tb the stria vasculaiifs 

lining nearly the upper two-thirds of the outer 
wall of the scala meduk It consists of a layer of 
columnar and spindle-shaped epithelial cells, between 
which extend eapillat^y blood-yessels from the ligamen- 
tum spirale, and in some animals (guinea-pig) clumps 
of pigment granules are found between them. 

474. Then we pass from the upper angle of the scala 
on to the membrane of Beissner. This consists of a 
homogeneous thin membrana propria, covered on its 
outer vestibular surface with a layer of flattened 
endothelium, and on its inner surface — i.e., that facing 
the scala media — ^with a layer of less flattened, smaller, 
polyhedral, epithelial cells. 

475. We come next to the vestibular labium of 
the crista spiralis, on which peculiar cylindHcal 
horizontal pi^jections anastomose with one another : 
these are the atiditory teeth (Kuschke). The epi- 
thelium of Beissner's membrane is continued as small 
polyhedral cells into the grooves and pits between the 
auditory teeth, but over the teeth as large, flattened, 
squamous cells, which pass on, lining the sulcus 
spiralis, and, as such, cover also the tympanic labium 
of the crista spiralis. Now we arriv; iTthe mem- 
brana basilaris, on which the epithelium becomes 
modified into the orgcm of Corti, 

476. The membrana basilaris consists of a 
hyaline basement membrane, on which the organ of 
Corti is fixed ; underneath this is the tunica propria^ 
a continuation of the tissue of the ligamentum spirale, 
composed of fine parallel stiff fibnls (Hannover, 
Henle) stretched in a very regular and beautiful 
manner in the direction from the ligamentum spirale 
to the crista ^spiralis (Nuel). On the tympanic side 
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there is also a hyaline basement inem1n:anfi. The 
endothelial cells covering this on the tympanic sorfaoe 
have been mentioned above^ 

477. The oivan of CorU (Fig. 164). — Passing 

outwards from the epithelium lining the sulcus spiralis, 
we meet with small polyhedral epithelial cells in the 
region of the termination of the htmina spiralis ossea, 
next wtiich are columnar-looking cells — the inner 
gupporttng cells; next to these is the inner hai/r-ceU — 



Fig. 161.— Oisui of Corti of the GocU» of n Qujn»-^g. 
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a columnar, or conical, epithelial cell, with a bundle 
of stiff hairs, or rods, extending beyond the surface. 
The inner hair-c^lis form a single file along the whole 

extent of the two and a half turns of the scala media. 
478. Next to the inner hair-cell is the inner rod, or 
inner pillar^ af CorVi, and rtext to this the VuU* rod, 
or (Mtfer pillar, of Corti, Each forms a single file for 
the whole (ixterit of the two and a half turns of the 
Bcala media. The two rods are inclined towards one 
another, and in contact with theil* Tlppei* extremity, or 
head; whereas their oppdsite extoemlty, the foot, 
rests under an acute angle on the membrana baailaris, 
on which it is firmly fixed. The rest of the rod is a 
slender, more or less cylindrical, piece— the body. The 
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outer rod is larger and longer than the inner, the 
latter being slightly bent in the middla Owing to 
the position of the rods, the two files form an arch — 
the a/rch of Corti. Between it and the oonoesponding 
part of the basilar membrane is a space — ^the tunnd of 
the arch, triangular in cross section. 

479. The substance of the rods, or pillars, of Corti 
is bright, highly refractive, and slightly and longitu- 
dinally striated. 

The head of the inner rod is triangular, a short 
process extending inwards towards the inner hair-cell, 
a long process extending outwards over the head of 
the outer pillar. Outwards, the triangular head pos- 
sesses a concave surface grasping the convex surface of 
the head of the outer rod. This latter possesses a 
process directed outwards, and firmly applied to the 
outer process of the head of the inner rod, the two 
together forming part of the membrana reticularis (see 
below). 

The relation between the outer and inner rods is 
such that the head of one outer rod fits into those of 
about two inner rods. 

480. At the foot, each rod has, on the side directed 
towards the tunnel, a granular, nucleated, lump of 
protoplasm, probably the remnant of the epithelial 
cell from which the lower half of the rod is derived ; 
the upper part sometimes possesses a similar remnant, 
proving that this also has been formed by an epithelial 
cell, so that each rod is in reality derived from two 
epithelial cells (Waldeyer). 

481. Next follow three or four rows of outer hair- 
celhy similar in size and structure to the inner hair- 
cells. Each of the outer hair-cells represents a file 
of hair-cells, extending on the membrana basilaris 
along the whole extent — i.6., two and a-half turns — 
of the scala media. Each hair-cell possesses an oval 
nucleus and a number of stiff rods, or hairs, disposed 
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in the «hape of a horseshoe in the outer part of the 
free surface'of the cell 

Four, and even' five, rows of hair-cells (Waldeyer), 
arrangeki in an alternating manner, are found in 
man. 

The outer hair-cells are also called the cells of 
Corti ; they are conical, and more or less firmly con- 
nected with a nucleated spindle-shaped cell — the cell 
of Deiters. The two cells are more or less fused 
together in their middle part (Nuel). The cell of 
Corti is fixed by a branched process to the membrana 
basilaris, while the cell of Deiters sends a process 
towards the surface, where it joins the membrana 
reticularis («ee below). 

482. Farther outwards from the last row of outer 
hair-cells are columnar epithelial cells, called the cmier 
supporting cells of Hevisen ; they form the transition 
to the epithelium lining the outer angle of the scala 
media, t.6., to the cells of Claudius. 

In the guinea-pig, the outer supporting cells in- 
clude fat globules. 

483. The mednllated nerve-llbres, which we 
traced in a former page to the margin of the lamiua 
spiralis ossea, make rich plexuses in this, and pass 
through holes in it, in order to reach the oi^n of 
Corti on the membrana basilaris. Looking from the 
surface on this part, we notice a row of holes — the 
hahewida perforata of Kollikert— a little to the inside 
of the region of the inner hair-cells. Numerous 
primitive fibrillse pass there among small nucleated 
cells situated underneath the inner hair-cells : these 
are the granular cells. Some of these nerve-fibrillsB 
— the inner bundle of spiral nerve-fibres — become con- 
nected with the inner hair-cells; while others — ^the 
three outer bundles of spiral fibrils (Waldeyer) — pass, 
between the inner rods of Corti, right through the 
tunnel; and, further, penetrating >between the outer 
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rods of Oorti, they reach the outer hair-cells, with 
which they become connected (Qottstein^ Waldeyer). 

484. In oonnecUdn with the outer process of iho 
head of the inner and outer rods of Oorti^ motioned 
above, is an elastic hyaline membrane — the lannvna 
or membrcma reticuUbHs, It extends outwards over 
the organ of Oorti to the supporting cells of Kensen, 
and possesses holes for the tops of the outer hait-cells 
and their hairs. The parts between tii6 rods of Oorti 
and between the outer hair-cells appear of the shape of 
phalanges — ^phalanges of Deiters. A short cuticular 
membrane extends from the head of the inner rod of 
Oorti inwards to the inncir supporting cells : it possesses 
holes for the tops of the inner hair-cells. 

485. From the Vestibular labium of the crista 
spiralis to the outer hair-cells of the organ of Oorti 
extends a peculiar fibrillated membrane — ^the memr 
brana tectoria. By means of it the sulcus spiralis 
intemus is bridged oYer^ and s6 converted into a 
canal 

486. As we ascend towards the top of the cochlea, 
idl parts in the scala media decrease gradually in size. 
The organ of Oorti^ being of an epithelial nature, 
possesses no blood-vessels. Flrom the anatomical 
relations of the organ of Oorti, it appears most pro- 
bable that the pillars^ or rods, of Oorti act as the 
supporting tissue^ or framework, around which the 
dth^ilr elements are grouped ; and it seems likely 
that the hair-cells, with their rod-like hairs projecting 
freely into the endolymph, are the real sound-perceiving 
elements of the organ of OortL Their connection 
with the terminal fibrillss of the nerves points in the 
same direction. 
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CHAPTER XLH. 

THE NASAL ^UCOIJS MEMBRANE. 

487. The lower part of the nasal cavity is lined 
with a mucous membrane, which has no relation to 
the olfactory nerve, and therefore is not connected 
with the organ of smell. It is covered with a strati- 
fied, columnar, ciliated epithelium of exactly the same 
nature as that of the respiratory passages — e,g,y the 
larynx and trachea. Large numbers of mucous secret- 
ing goblet-cells are met with in it. Below the epi- 
theliuip. is -^ thick byaUna basement membrane, and 
underneath this is a mucosa of fibrous tissue, with 
numerous lymph corpuscles in it In many places this 
infiltration with lymph corpuscles amounts to difiuse 
adenoid tissue, or to perfect lymph follicles. 

488. The mucosa contains in its most superficial 
layer the network of capillaries, but in the rest it 
includes a rich and conspicuous plexus of venous 
vessels. 

In the deeper parts of the mucous membrane — 
t.0., in the submucosa — are embedded smaller and 
larger glands, the ducts of which pass through the 
mucosa, and open on the free surface. Some of the 
glands are mucous ; others are serous. In some cases 
{e,g.i guinearpig) almost all glands are serous, and 
of exactly the same nature as those of the back of 
the tongue. In some places the mucous membrane is 
much thicker than in others, and then it contains 
larger glands, and between them bundles of non-striped 
muscular tissua 

489. In the upper or olfactory region (Fig. 165) 
of the nasal cavity, the mucous membrane is of a 



334 Elements of Histology. lOup. XLii. 

different tint, being more of a brownish colonr ; it 
contains the ramifications of the ol&ctoiy nerve, and 
is the seat of ttie organ of smell. 

490. The free suiface is covered 'with a columnar 
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epithelinm, composed of the following kinds of cells 
(&ig. 166):- 

(a) A superficial layer of long columnar, or rather 
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conical, epithelial aellt, each with an othI nucleus. In 
some places the free surface of tliese cells ia covered 
with a bundle of cilia, similar to the superficial cells 
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of the r^piratory part of the nasal cavity ; in most 
places, however, the cilia are absent ; the former 
condition obtains in those places which are in close 
proximity to the respiratory region. 

(6) Between the epithelial cells extend epindle- 
shaped cells, each with a spherical, of vety slightly 



336 Elements of Histology. [Chap.XLii. 

Oval, nacleus — tbe sensory eeUa (Max Schultze). 
Each cell sends one broad process towards the free 
surface, over which it projects in the shape of a small 
bundle of shorter or longer rods; whereas a fine 
varicose filament passes from the cell body towards 
the mucosa, and, as shown first by M. Schultze, be- 
comes connected with a fibrilla of the network of the 
olfactory nerve-fibres. 

(c) In some places there is a deep layer of Bptthe- 
lial cells, each with a spherical nucleus, of an inverted 
cone in shape, their pointed extremity passing be 
tween the other cells just mentioned and their broad 
basis resting on the basement membrane. Yon 
Brunn has shown that there is on the free surface of 
the epith^li^m ^ cforfi of cuticle — a delicate limitans 
extern^ 

491. The mucous membrane is of loose texture, 
and contains a rich plexus of bundles of olfactory 
nerve-fibres, extending chiefly in a direction parallel 
to the surfaoa Each olfactory nerve-fibre is non- 
medullated, «.«., is an axis cylinder composed of minute 
or primitive fibrillse, and invested in a neurilemma with 
the nuclei of the nerve corpuscles. Near the surface 
the fibres of the plexus are thin, and they split up 
into the constituent fibrils which form a network ; into 
this pass the fine varicose processes of the sensory 
cells above named. 

492. The blood-vessels supply with capillary net- 
works the superficial part of the mucous membrane 
and the numerous glands. These are the glands of 
Bowmcm, extending through the thickness of the 
mucous membrane. They are tubes, slightly branched, 
and gradually enlarging towards their distal end ; in 
some parts they are more or less straight. In struo- 
ture they are identical with serous glands, possessing 
a minute lumen, and being lined with a layer of 
columnar albuminous cells. The duct is a very fine' 
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canal; it is that part of the gland that is situated 
in the epithelium of the free surface ; it passes verti- 
cally through this, and consists of a fine limiting 
membrane, the continuation of the membrana propria 
of the gland-tube, and a layer of very flattened epi- 
thelial cells. 

493. There is a definite relation between the 
size and number of the bundles of the olfactory nerve- 
fibres, the thickness of the olfactory epithelium, and 
the length of the gland-tubes. The size and number 
of the bundles of the nerve-fibres are determined 
by the thickness of the epithelium — i,e., by the 
number of the sensory cells ; the number and thick- 
ness of the olfactory nerve bundles determine the 
thickness of the mucous membrane, and the thicker 
it is, the longer are the glands of Bowman. 

* 494 The orgfan of Jacobson is a minute 
tubular organ present in all mammals, and, as has 
been shown by Dursy and Kolliker, also in man. In 
mammals it is a bilateral tube, compressed from side 
to side, and situated in the anterior lower part of 
the nasal septum. Each tube is supported by a 
hyaline cartilage, in the shape of a more or less 
plough-shaped capsule — the cartilage of Jacobaon 
— and opens in front directly into the nasal furrow 
(guinea-pig, rabbit, rat, &c.) ; or it leads into the canal 
of Stenson (dog), which passes through the canalis 
naso-palatinus, and opens immediately behind the 
incisor teeth on the palate. In all instances, how- 
ever, it terminates posteriorly with a blind ex- 
tremity, 

495. The cavity of the tube is lined with stratified 
columnar epithelium, which on the lateral wall is 
ciliated in the guinea-pig and dog, and non-ciliated in 
the rabbit. The median wall — i.e., the one next to 
the middle line — is lined with olfactory epithelium, 
identical with that of the olfactory region of the nasal 
w 
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cavity. Branches of olfactory nerve-fibres also pass 
into the median wall, and behave in exactly the same 
manner as in the olfactory region. Numerous serous 
glands — belonging chiefly to the upper and lower 
wall — open into the cavity of the organ of Jaoobson. 

In the lateral wall there is in many instances a 
plexus of veins, extending in a longitudinal direction, 
and between the vessels are bundles of non-striped 
muscular tissue, thus constituting a sort of cavernous 
tissua 
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THE DUCTLESS GLANDS. 

496. I. The taypopliysis cerebri. — ^The upper 
or smaller lobe belongs to the central nervous system. 
The lower or larger lobe is surrounded by a fibrous 
capsule, which sends numerous minute septa into the 
interior. These split up into numerous trabeculas of 
fibrous tissue, which, by dividing and re-uniting, form 
a dense plexus, with smaller and larger, spherical or ob- 
long, or even cylindrical spaces — ^the alveolL In these 
lie spherical or oblong masses of epithelial cells. These 
epithelial cells are columnar, pyramidal, or polyhedral, 
each with an oval or spherical nucleus. Between the 
epithelial cells of the same group are found here and 
there small branched or spindle-shaped cells, with a 
small flattened nucleus. In some of the groups or 
alveoli of epithelial cells is a cavity, a sort of lumen, 
fiUed with a homogeneous geUtinous substance. 

The interalveolar connective tissue contains a 
network of capillaries. Between the alveoli and the 
interalveolar tissue there are lymph sinuses, like those 
around the alveoli of other glands— e.^., the salivary 
glands. 



1 
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497. II. The tlijTold gland (Fig. 167).— The 
framework of this gland is in many r«specta similar 
to that of other glands, there being an outer fibrous 
capsule, thicker and thinner Bepta, and finally the fine 
trabeculiB forming the septa between the gland alveoli. 
These ore cloted vesicles of a spherical or oval shape, 
and of various sizes. Each vesicle is hned with a single 
layer of polyhadral or 

columnar epithelial cells, 
each with a spherical or 
oval nucleua There is & 
cavity, which differs in size 
according to the size of the 
vesicle. It contains, and 
is more or less filled with, 
a homogeneous, viscid, albu- 
minous fluid— the so-called 
colloid. In this often oc- 
cur degenerating nucleated 
lymph ' corpusdes and 
coloured blood - corpuscles 

(Baber). thViel'i^ " "i'?'^^iK"Ii^ 

498. The vesicles are wiih'tiiB «ma'ttiwrigu. «.• 
surrounded by networks of i5«B^«iMiirSie.. 
blood capillaries. In the 

connective tissue framework lie networks of lym- 
phatics; between the framework and the surface of the 
vesicles ore lymph sinuses lined with endothelium 
(Baber). The large and small lymphatics are often 
filled with the same colloid material as the vesicles, 
and it is probable that this colloid material is produced 
in the vesicles, and carried away by the lymphatics, 
to be finally discharged into the circulating blood. 

499. Its formation in the vesicles is probably due 
to an active secretion by the epithelial cells erf tiie 
vesicles, and to a mixture with it, or maceration by 
it, of the effused blood mentioned above. In some 
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iiutanoes Baber found the amount of blood efiused 
into the cavity of 
the vesiclea very 
coiuddemble, and 
hence it is jaatifi- 
able to assume that 
the destruction of 
i*d blood-corpus- 
cles forms one of 
the functions of t^e 
thyroid gland 
^ 500. IIL The 

laprarenal 
lMidle«(Fig.l68). 
— The suprarenal 
body is enveloped 
in a fibrous cap- 
sule; in connection 
with this are septa 
and trabecule pass- 
ing inwards, and 
tiiey are arranged 
differently in the 
cortex and in the 
medulla of the 
gland, aa will be 
seen presently. 

TTie eorUie of 
the gland consistB 
of an outer, mid- 
dle, and inner 

Fig. 103.— Ttom m Tertial Section tlitoiigh SOne, all three be- 

,u»Suptw™aBod,o(iUa. j^ directly Con- 

' »Miii«''».»in"(;i8ioorniom?'i..ion»S«ioii- tinuous with one 

™Kim^'h.'S''Btri?if?.'MMMi:i''"*'"^ another. The outer 

one is the zowx 

glomtruloaa; it contains numeroas spherical, or, 
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more commonly, elongated, masses of epithelial cells. 
The cells are polyhedral or cylindrical, each with a 
spherical or oval nucleus. In some animals — as the 
dog, horse — the cells are thin and columnar, and 
arranged in a transverse manner. Occasionally a sort 
of lumen can be discerned in some of these cell masses. 

501. Kext follows the middle zone, or zona 
./ascictdcOa. This is the most conspicuous and 
broadest part of the whole gland. It consists of 
vertical columns of polygonal epithelial cells, each 
with a spherical nucleus. The cell substance is trans- 
parent, and often contains an oil globula The columns 
ansustomose with their neighbours. Between the 
columns are fine septa of connective tissue carrying 
blood capillaries. 

Between the cell columns and the connective septa 
are seen here and there lymph spaces, into which lead 
fine channels, grooved out between some of the cells of 
the columns. 

502. Next follows the inner zona, or zona reticu- 
laris, composed of smaller or larger groups of poly- 
hedral cells, with more or less rounded edges. These 
cell-groups anastomose with one another. The indi- 
vidual cells are slightly larger, and their substance is 
less transparent than those of the zona fasciculata. In 
the human subject they are slightly pigmented. 

503. In the meduUa we find cylindrical streaks 
of very transparent cells ; the streaks are separated by 
vascular connective tissua The cells are polyhedral, 
columnar, or branched. These cell-streaks anasto- 
mose with one another, and are directly continuous 
with the cell-groups of the zona reticularis of the 
cortex. 

604. The cortex is richly supplied with dense 
networks of capillary blood-vessels ; their meshes are 
polyhedral in the outer and inner zone, elongated in 
the middle zone, or zona fasciculata. In the medulla 
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numerous plexuses of veins are met with. In the 
centre of the suprarenal body lie the large efferent 
venous trank& In the capsule (K5lliker, Arnold), 
and in the connective tissue around the central veins, 
are plexuses of lymphatic tubes with valvea The 
.nerves are very numerous, and oomjKMied of non- 
medullated fibres; in the medulla, they form rich 
plexuses. In connection with these and with those of 
the outer capsule are small ganglia (Holm, Eberih). 

505. lY. The glandnla coccyyea and in- 
tercarotica. — ^The first of these is a minute corpuscle 
situated in front of the apex of the os coccygis, and 
was discovered by Luschka. The gland ula earotica 
of Luschka (ganglion intercaroticum) is of exactly the 
same structure as the glandula coccygea. 

506. Its framework is of about the same nature as 
that of other glands — a fibrous capsule and inner 
fibrous septa and trabeculse. The septa and trabeculse 
contain in some places bundles of non-striped muscular 
tissue (Sertoli). 

507. The spaces of the framework are occupied by 
the parenchyma. This consists of spherical or cylin- 
drical masses of cells connected into networks. The 
individual cells are polyhedral epithelial cells, each 
with a spherical nucleus. According to Luscbka, in 
the new-bom child they are ciliated. In the centre 
of each of the cell-masses lies a capillary blood-vessel, 
much convoluted and wavy. 

Numerous non-medullated nerve-fibres forming a 
plexus are situated in the framework of the gland. 
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Absorptioii (s«e Lymphafcics). 

Achromatin, 9. 

Acini of glands, 180, 182. 

of liver, 211. 

of pancreas, 200. 

Adenoid reticiiluin, 4A, 80, 92. 

tissue, 92. 

Admaxillaiy glands, 179. 

Adveniitia of arteries, 76, 78l 

of capillaries, 80, 98. 

of reins, 79. 

lymphatic vessels, 102. 

Agmioated glands, 95. 

Air cells, 220. 

Alsdnasi, 46. 

Albog^nea of ovary, 258. 

Albumin membrane of Aschorsoa, 
273. 

Albnmtnons cells, 183. 

Alveolar caviiy, 171, 17& 

ducts, 65, 220. 

AlveoH of glands, 180, 182. 

of lung, 220. 

of pancreas, 209. 

AmcBboid corpuscles, 9. 

movement, 4, 5, 14, 41, 90, 98. 

Ampulla, 320, 323. 
Anterior commissure, 157. 

nerve-roots from cord, 136. 

Aorta, 65, 78. 
Aponeurosis, 32. 
Aqueductus cochleflB, 321 

Sylvii, 150, 160. 

vestibuli, 321. 

Arachnoid membrane of spinal 
oord, 127. 

of brain, 149. 

Arachnoidal vilU, 140. 
Areolar tissue, 33. 
Arreotor pili, 64, 287. 
Arteris ouiores breves, 305. 

• recurrentes, 305. 

helidnflB, 256. 

reoteB, 242. 

Arteries, 65, 76. 
Arterioles, Afferent, 40, 5L 



Arterioles of ovary, 267. 
Articular cartilage, 47, 60. 
Articulation nerve-coipuscle6,121. 
Arytenoid cartilage, 215, 
Ascending looi>-tube, 238. 
Aster stage in nucleus, & 
Auditory hairs, 324. 

nerve, Origpn of, 149. 

, Division of, 148. 

teeth, 828. 

Auerbach's plexus, 170, 201, 207. 
Auricle of heart, 75. 
Auriculo-ventricular valves, 75. 
Axis cylinder, 107. 

pro<>ess of sympathetic 

ganglion cell, 169. 

Bartholin's glands, 270. 
Basement membranes of skin, 277. 
Basilar membirane of cochlea, 327, 

328 
Bellini's ducts, 239. 
Bile-duot, 213, 214. 
Bile capillaries, 213. 
Bilirabin, 13. 
Bladder, 64, 243. 
Blastoderm of chick, 2. 
Blood, 10. 

corpuscles, 10, 13. 

, their origin, 15. 

glands of His, 92. 

plates of Bizzozero, 15. 

^vessels in grey matter, 151. 

Bone, 50. 

, Development of, 53. 

cartilage, 60. 

cells, 31, 53.. 

trabecul», 54. 

corpuscles, 53. 

Bowman's capsule^ 234. 

elastica anterior, 44. 

glands, 336. 

membrane, 295. 

sarcous elements, 68. 

brain membranes, 149. 
Brainsand, 163. 
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Bronchi, 65, 219. 

Browniaa molecnlMr moTement, 

189. 
Bnioh, Glandg of, 294. 
Brilcke's elementary oxvanisms, 5. 

oikoid and looid, 12. 

tnnica nerrea, 817. 

Braimer'a gUnds, 208, 209. 
Baccal glandji, 187. 
Knlbns olfactorint, 150. 
Blltecfali ■ nnoleax ipindle, 9. 

C«lcifloatlon ox bone, 5& 

of cartilage, 47. 

of dentine, 82. 

Calices of kidney, 280. 
Canal of Schlenun, 299. 

of Stengon, 8^. 

of Stilling, 807. 

CanaYis hjraloidetuL 807. 

Petitl, 807. 

— — renoiena, 822. 
Canalicoli in bone, 82. 

in cartilage, 48. 

Capillariea of marrow-bone, 81. 

of nerve system, 80. 

Capillary bile^laots. 218. 

blood-yessels, 80, 201. 

lymphatics, 88. 

network in maoosa, 190. 

sheaths, 228. 

Capsule, External, of brain, 162. 

, Internal, of brain, 162, 163. 

of Olissou, 210. 

of kidney, 65. 

of the spleen, 65, 225. 

Cartilage, 45. 

, Articular, 47, 60. 

cells, 81, 48. 

, Elastic, 49. 

, Fibrous, 48. 

, Hyaline, 46. 

, Laounn, 46. 

of Jacobson, 837. 

of Luschka, 215. 

Cayemous tissues in genital 

organs, 255. 
Cavities of tendon sheaths, 88. 
Cavum tympani, 819. 
Cells, 5. 
, Muscular, of blood-vessels, 

65. 

, of intestine, 65. 

, of respiratory organs, 65. 

, of stomach, 65. 

, of urinary organs, 65. 

in tadpole's tail, 85. 

of Claudius, 827, 381. 

Celluls mastoide», 819. 



Cellnlar tissue, 88. 
Cement of teeth, 174. 

substance, 80. 82, 90. 

— of endotnebnm, 25. 

of epithelium, 17. 

of fiVrons tissue, 88. 

Centra] oanaL 128. 

groy nucleuB, 184. 

Centroaoinous ceUs, 810. 
Centrum ovale, 156, 187. 
Cerebellum, 149, 1^ 
Cerebrum, 149, 156, 157. 
Ceruminons ghmds, 278, 818. 
Cervix of uterus, 866. 
Chalice cells, 22. 
Chondrin. 81, 45. 
Chondrodasts, 62. 
Choroidal portion of eOiaty 

muscle, 64 
Choroid membrane, 808. 
Chromatin, 9. 
Chyle, 206. 
Ciliary muscle, 65, 800. 

nerve, 163. 

processes, 803. 

Ciliated cella, 21. 
Circulus arteriosus in iris, 802. 
Circumanal glands, 278. 
Cistema lymphatioa magna, 89. 
Clarke's columns, 137, 140. 
Claustmm, 159, 162. 
Cleavage of ovum, 2. 

of white blood corpuscles, 15w 

Clitoris, 270. 

Cochlea, 820, 824. 

Cohnheim's areas, 70. 

Colloid, 339. 

Colostrum coxpuades, 273. 

Coloured blooa corpuscles, 10. 

Colourless blood corpuscles, 13. 

Columnar epithelial cells, 17. 

Commissure, Grey, of spinal cord, 

128. 

, White, of spinal cord. 135. 

Comi>ound lymphatic glanay, 98. 

Conarium, 163. 

Concentric bodies of Hassall, 97. 

lamelln, 53. 

Cone fibre, 316. 
CoDcs of retina, 313. 
Coni vasculosi, 250. 
Conjunctiva, 291. 

blood-vessels, 298. 

bulbi,293. 

lymphatics, 293, 

nerves, 294. 

palpebns, 291, 293. 

Connecuve tissue, 31. 
Contraction wave, 67. 
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Contractility of corneal cor- 

pnsdea, 87. 
- — of pigment cells, 28. 
ConTolntion in brain, 157. 

in nucleus, 8. 

Cords tendines, 75. 
Cords of adenoid tissue, 94. 
Corium, 274. 
Cornea, 20, 295. 

neryes in, 297. 

Corneal cells, 86. 
-= — corpuscles, 34^ 297. 
Comu Ammonis, 158, 159. 
Comua uteri, 267. 
Corona radiata, 163. 
Corpora albicantia, 161, 163. 
cavernosa, 65, 2'»5. 

quadrigemina, 16). 

striata, 161, 162. 

Corpus caUosum, 157. 

i^ighmori, 241 

luteum, 262. 

, restifonue, 144, 142. 

spongiosum, 255. 

Corpuscles, Malphigian, 227, 233. 

of blood, 10, 13. 

of bone, 63. 

of connectiye tissue, 36. 

of Grandly, 120. 

of Herbst, 115, 118. 

of lymph, 90, 93. 

of Meissner, 115, 118. 

of muscle, 70. 

of nerve, 108 

of Pacini, 115, 121, 291. 

of Vater, 115. 

, Tactae, 115, 118. 

Corti's arcb, 330. 

cells, 8J1. 

ganglion, 326. 

rods, 329. 

Cortical layer of ovary, 258. 

lympb-sinas, 101. 

Costal cartilages, 46. 

pleura. 89. 

Cowper's glands, 254, 270. 

Cremaster intemus, 252. 

Crescents of Gianuzzi, 183. 

Cricoid cartilage, 46. 

Crista acustioa, 323. 

spiralis, 327, 832. 

Cms cerebri, 142, 161. 

, Cxrnsta of, 163. 

Crusta petxosa, 171. 

CiTpts, 95. 

of Lieberkiibn, 203, 201. 

Cuticle of Masmyth, 172, 177. 
Cutis anserina, SJ7. 
vera, 274. 



Cystic duct, 65. 
Cytogenous tissue, 92. 

Deiters' cells, 150, 831. 

phalanges, 882. 

processes, 141, 145. 

Demilunes of Heidenhain, 183. 
Dentinal canals, 173. 

fibres, 62, 173. 

sheaths, 173. 

tubes, 62. 

Dentine, 62, 172, 173. 
Descemet's membrane, 41. 
Diapedesis, 82. 
Diaphn^m, 73, 88. 
Diaster sti^ in nucleus, 8. 
Diffuse adenoid tissue, 93. 
Dilatator, 65. 

pupillsB, 302. 

Direct division, 7, 9, 

« Disc taotil," 121. 

Discus proligerus, 261. 

Disdiaclasts, 74. 

Distal convoluted tubes, 238. 

Division, Bemak's mode of, 7. 

Doyfere's nerve-mount, 125. 

Ductless glands, 338. 

Ducts of pancreatic gland, 65. 

of salivary gland, 65. 

D actus ejaculatoni, 253. 
Dura mater, 127. 
Dural sheath, 317. 

Ear, External, 318. 

, Internal, 820. 

Efferent lymphatics, 102. 

medullated nerve-fibres, 116. 

veins, 40. 

Elastic fenestrated membrane of 

Heide,44. 
Elastin, 43. 
Electric nerve. 111. 
Eleidin, 20. 
l!.lementary fibrillse, 107. 

fibrils, 82. 

organisms, 4. 

Enamel, 171. 

cap, 176. 

cells, 175, 177. 

organ, 176, 177. 

prisms, 171. 

End-bulbs of Eranse, 115, 119, 

294. 
Endocardium, 74, 76. 
Endochondral formation of bone, 

55. 
Fndolymph, 321. 
Endomysium, 66. 



346 



Elements of Histology, 



Endonaarimn, 105. 
Endothelial oellit BtraotiiM, 25. 
■ mombntne, 25. 
KndotheliQin, 25. 
Endotheloid oeU-plates, 92. 
Viog^bDMSXBLM lateral disc, 68. 
Epuaerebral space. 150. 
Kpidermia, 19, 274. 
EpididTinia, 65, 250. 
Epiglottis, 49, 98. 
Epinemiam, 104. 
Epithelial oella, 16. 

dlTision of, 24. 

reffeneration of, 24. 

EpitheUmn. 19. 
Eidtheloid lajer, 56. 
Enstaehian tube, 319. 
External aronate fibres, 144, 147. 

oapsnie of brain, 162. 

Eye, 290. 

lashes, •« 

.Uds,291. 

Fa8oin,87. 
FasoidleB, 96, 
Fascicolas cnneatns, 144. 

gracilis, 144. 

of Goll, 132, 144. 

of Tttrk, 182, 142, 145. 

pyramidal direct, 182. 

Fat cells, 39. 

— and starvation, 41. 

Femur, 60. 
Fenestra ovalis, 320. 

rotunda, 880. 

Fenestrated membrane, 80, 83. 
127. 

of Henle, 77. 

FortOisation of ovum, 2. 
Fibre arcuats, 296. 
Fibres, Connectiye tissue, 81. 

, Elastic tissue, 50. 

of muscle, 63, 66, 72. 

of nerves, 108. 

of Purkiiije, 75. 

Fxbrill» of connectiTe tissue, 82. 

of muscle, 64. 

of nerve, 107. 

Fibro-cartilage, 48. 

Fibrous tissue development, 42. 

Fillet, 160. 

Fissura orbitalis, 65. 

Fissures of spinskl cord, 130. 

Foetal tooth papilla, 176. 

Follicles, Lieberkilhn's, 908. 

, Lymph, 92, 94, 100. 

, Sebaceous, 286. 

, Thymus, 96. 

Fornix ooxv|unctiv8B, 293. 



Fornix vaginal, 969. 
Fossa glenoidalis, 48. 

navicularis, 254. 

patillaris, 807. 

SylvU, 169. 

Fovea centralis, 810. 814^ 815 

hemielHptica, 82a 

hemispherioa, 890. 

Fundus, m. 

Fnnioulns of Bolando, 144. 

Gall-bladder, 65. 

Qangli€^ Cerebro-spinal, 188, 141. 

, Sympathetic, 168. 

QangUon cells, 138, 164. 
Gaaserian ganglion. 168. 
Gelatinous tissue, 45. 
Geniculate ganglion, 168. 
Genital corpuscles of Kranae, 120. 

end-corpusdes, 115. 

organs (male), 244^ 

{female), 957. 

Qterm reticulum of von Ebner, 247. 
Germinal endothelial cells, 28. 

epithelium, 958. 

spots, 1, 260. 

vesicle, 1, 259. 

Germinating cells, 29. 
Giraldtf's organ, 251. 
Gland, Prostate, 258. 
Glands, Bartholini, 270. 

Brunner, 206, 20O. 

Buccal, 187. 

Carotic, 342. 

Ceruminons, 278, 818. 

Coccygeal, 842. 

Harder, 295. 

EJrause, 298. 

Lachrymal, 294. 

Lieberkiihn's, 17. 

Uttr^, 254. 

Lymphatic, 80, 84, 100. 

Meibomian, 292. 

Mohl, 292. 

Mucous, 179, 191. 

Peptic, 197. 

Peyer. 95, 205. 

Pjloric, 199. 

Salivary, 178. 

Sebaceous, 287. 

Solitary, 95. 

Submaxillary, 179. 

Sweat, 276. 
Glandule agminate, 9C0L 

lenticulares, 200. 

Pacchioni, 149. 

uterine, 966. 

nians cUtoridis, 270. 
penis, 255. 
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01tu»7 membrane, 291. 
Glinon*! capsule, 210. 
Globulin, 12. 
Olomenile, 158. 
Olntin, 81, 83. 
Glyoogen,' 14. 
QoMet oelU. 18, 22. 
Qraaflan folUcles, 258, 268. 
Orandry's oorpnsoles, 120. 
Oxanolar formation of Meynert, 
150. 

layer of PorUnle, 174. 

Granolee in blood, 15. 
Uronnlof a membrana, 250. 
Grey commisenre, 128. 
Ground lamells, 53. 

plexus of Arnold, ISL 

— ^ substance, 117. 
Growing capillaries, 82. 

Habenula perforata, 881. 
H»matin, 13. 
Hflsmatoioin, 13. 
HsBmatoplasts, 15. 
Hemin crystafs, 13. 
Hemoglobin, 12. 

crystals, 18. 

Hair.Si78. 

bulb, 282, 285. 

, Development of, 28S. 

fibres, ^. 

follicles, 278, 280. 

knob, 285. 

, Marrow of, 282. 

, New formation of, 284. 

]»pi]la, S85. 

, Boot of, 282. 

Bhf>ath of, 281. 

sac, 280. 

, Shaft of, 278, 28a 

Harder's gland, 205. 
HaTcrsian canals, 58. 

lamelle, 58. 

spaces. 54. 

Heart and Dlood-vessels, 74. 
Heliootrema, 820. 
Hemisphere of brain, 152. 
Henle, Fenestrated membranes 
of, 44, 77. 

, Fibres of, 44. 

, Sheath of, 105. 

, Stratum nervenm of, 817. 

, Tubes of, 237 

Hensen's cell8,^l. 
Hepatic cells, 212. 

duct. 35. 

lobules, 211. 

veins, 211. 

Herbst, Corpuscles of, 115, 118. 



Hilum of fflands, 66. 

of salivary glands, 180. 

of spleen, S^. 

Hippocampus, 160. 
Homogeneous elastic membranes, 

44. 
Howship's Uonns, OSk 
Hyaline cartilage, 46. 
Hyaloid membrane, 307. ' 
Hypophysis, 161, 338. 

Ileum, 205. 

Incremental lines of Salter, 174. 

Incus, 320. 

Indirect division, 7. 

Infundibula, 65, 161, 108. 

of bronchiole, 220. 

of gland, 188. 

Inner molecular layer, 311. 

nuclear layer, 31L 

Interarticular cartilages, 48. 
Interfascicular spaces, 84, 86. 
Interlobular siiaces of Csermalc, 

174. 
Interlobar ducts, 180. 
Interlobular bile-ducts, 218, 214. 
connective tissue of liver, 

210. 

ducts, 180. 

Intermediary cartilage, 48. 

plexus, 121. 

zone, 200. 

Intermembranous formation of 

bone, 55, 61. 
Intermuscular fibrils, 122. 
Internal capsule of brain, 163. 
Interstitial lamells, 53. 
Intervertebral discs, 48L 
Intestine, Large, 201 

^ Small, 201. 

Intima of arteries, 76, 77. 
Intralobular bile-vessels, 213. 

dacts, 180. 

Intranuclear network. 
Iris, 300. 

, Blood-vessels of, 302. 

, Lymph-clefts of, 802. 

, L;fmph-sinu8es of. 302. 

, Nerve-fibres of, 802. 

Island of BeU, 162. 

Jaoobson's oi^n, 337, 388. 

EaryoUnesis, 7, 48, 247. 
Eidnev, 228. 

1 Afferent arterioles of, 240. 

blood-vessels, 240. 

glomerulus, 234. 



348 



Elements of Histology, 



Kidnqr lympbaaot, 814, Slf 848. 
"■ pusBcliTinAt 881* 

TOMels, 841. 

KSlliker't orteodMiU* 08. 

Labia padendl majora, 287. 
Labium tTnuianioaiii, 827. 

TeatiDuJare, 887. 

LabTrintb, Osaaooa, 880. 
Lacnrymal glanda, 894. 
LacnniB Morcragni, 854. 

of bone. 58, 58. 

of cartiJage, 46. 

of lymphatics, 86. 

Lamella of bone, 54. 
— - of cornea. 286. 

of lena, 806. 

TATOina cribosa, 817. 

elaatica of cornea, 295. 

faMa,899. 

reticniarifl, 838. 

apiralia oasea, 820l 

vitrea, 301, 305. 

Langerhans' granular layer, 80, 

Larynx, 815. 

Lateral basilar prooeas, 158« 

nndens. 145. 

- — tract, 143. 
Lena, 906. 

fibres, 806. 

— ^ stars, 806. 
Lenticular glands. 95. 
Ligamentom denticnlatiun, 186. 

latum, 65. 

pectinatom, 899. 

pnlmo&is, 281. 

spirale acoessorinm, 826, 328^ 

suspensory of lens, 307. 

Limitaos extenia» 312. 

interna, 310. 

lanes of Scbreger, 174. 
Liquor folliculi, 260. 

sanguinis, 10. 

Littrtf's glands, 854. 
Liver, 88, 210. 

vessels of, 211, 212. 

Lobes of pancreas, 209. 

of salivary gland, 18(K 

of thymus gland, 96. 

of lung, 280. 

Lobules of liver, 211. 

of lung, 220. 

of salivary glands, 180* 

of thymus gland, 96. 

Lung, 88, 819. 

blood-vessels, 223. 

lymphatics, 223. 

Lymph, 90. 

Lymphatic capiUariee, 86. 



Lymphatic dflfta. 79, 88. 

gUuds, 80L84 100. 

rootlets, 86. 

sinuses, 88, lOL 

— tissue, 85. 

vessels, 79, 84, 92. 

Lymphatics, 65, 20L 

in moooaa, 190. 

Lymph-canal system in oomea, 98. 

camUioular qr8tem,86, 90, 297. 

cavities, 88. 

corpuscles, 90, 98. 

f olludes, 92, 94. 

hearts, 90. 

Lymphoid cells, 29. 

Macula aousfcioa, 328. 

lutea, 310, 311, 314, 315. 

Hallens, 380. 

Ma^ighian corpuscles of Udn^, 

of spleen, 227. 

pvramids of Udney, SSL 

stratum of skin, 19. 

Mammary gland, 270. 
Manubrium mallei, 318. 
Marrow of bone, 50. 
Matrix of osseous substance, 58. 
Meatus auditorius extemus, 318. 
Meckel^el ganglion, 163. 
Media of arteries, 76. 
Median lateial fissure, 138. 
Mediastiaum testis, 2 14. 
Medulla oblongata, 142. 

of gland, 99. 

Medullary cylinders, 100. 

lymph-sinus, 101, 

ray, 231. 

sheath of nerve-fibres, 107j 

108. 
Mednllated nerve-flbrea, 106, 114, 

137. 
Meibomian glands, 298. 
Meissner's corpuscles, 191, 291. 

plexiui, 170, 201, 207. 

Membrana basilari^i, 327, 328. 

chorio-capillaris, 304. 

Descemeu, 297. 

l^ranulosa, 259. 

hyaloidea, 307. 

secundaria, 322. 

supra-choroidea, 303. 

tectoria^ 332. 

tympani, 318. 

Membranes of Erause, 67, 74. 
Mesencephalon, 159. 
M eseutery, 88. 
Mesogastrium, SO. 
Migratory cells,. 41. 
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MUk, 273. 

globules, 272. 

tooth, 177. 

Modiolus, 820, 326. 
Motor ganglion cells, 141. 
Movement of cilia, 22. 
Mucin, 23. 
Mucosa, 189. 

i Lymph f oUicles of, 200. 

Mucous cells, 183. 

glands, 179,191. 

membrane, 189. 

Mnco-saliTOxy glands, 179. 
Mucus, formation of, 23. 
MtiUer's fibres, 310. 

muscle, 300. 

Muscle bundles, 64. 

cells, 64. 

corpuscles, 70. 

fibres, 63, 72. 

tissue, striped, 66, 189. 

1 Kon-striped, 63, 65. 

Muscular compartments, 67. 
Muscularis externa, 196. 

mucosa, 64, 195. 

Musculus ciliaris Biolani, 292. 
Myeloplax, 6. ' 

Myeloplaxes of Bobin, 51, 62. 

Nail, 288, 

cells, 289. 

groove, 288. 

substance, 289. 

Nasal mucous membrane, 833. 

s^tum, 46. 

Nerve bundles, 104. 

corpuscles, 108. 

end plate, 124. 

endings, 112, 115. 

fibres, 108. 

plexus. 106, 111, 114. 

Network of fibnll89. 111. 
Neurilemma, 108. 
Neuroglia, 133. 

cdls, 133. 

fibrils, 133, 150. 

of Virchow, 45. 

tissue, 130. 

Neurokeratin, 107, 109, 135, 313. 

Nipple, 65. 

Non-mednllated nerve^fibres, 111, 

114. 
Norris's blood corpuscles, 13. 
Nuclear layer in bulbus oUao- 

torius, 159. 
— — zone, 306. 
Nuclein. 6. 
Nudeoh, 6. 
Nucleus, Stpioture of, 6. 



Nucleus caudatus, 1^. 

cuneatus, 147. 

dentatus, 147. 

enunlis, 147. 

lenticularis, 162. 

Nuclei, Inner, of retina, 311. 
— -, Outer, of retina, 312. 
Nymphe, ^. 

Odontoblasts, 173, 174, 177. 
G!sophagus, 194. 
OU-^obule, 39, 40. 
Olfactory cells, 386. 

nerves. 111, 159. 

Olivary bodies, 143. 

nucleus, 147. 

Omentum of cat, 29. 

of frog, 89. 

of guinea-pig, 40. 

of rat, 32. 

^ Structure of, 33» 

Optic nerve, 317. 

nerve-flbres, 310. 

tract, 162. 

vesicle, 316. 

Ora serrata, 310. 

Organ of Ck>rti, 328, 329, 832. 

of Girald6,251. 

of Jacobson, 337, 3S& 

Ossein, 52. 

Osseous labyrinth of ear, 321^ 

lamelln, 52. 

substance from osteoblasts, 

61. 
Ossicula auditus, 319» 
Ossifying cartilage, 48. 
Osteoblasts forming bone, 50, 57> 

6L 
Osteoclasts, 62. 
Osteogenetio layer, 40. 
OtoliiSiS, 824. 
Oval nucleus, 39. 
Ovary, 65, 257. 

, Development of, 263. 

, Lymphatics of, 268. 

, Nerves of, 268. 

Oviduct, 65, 265. 
Ovum, 1, 259. 

Pacinian corpuscles, 115, 121, 291. 
Palate, 187. 
PalmsB plicate, 266. 
Palpebne, 298. 
Pancreas, 208, 209. 
Papilla droumvaJlata, 192* 

flliformis, 191. 

foliata, 193. 

fungiformis, 191. 

nervioptioi, 309. 
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PtpUlaiy hair oC Uima, 280. 

mnielep 75. 

PiffBglolyidm, 12. 
PuwDoliTiBa of tartto. 2S8. 
Parenchymatoaa ourtilage, 4S. 
Parietal oeUfl, 199. 
Paxa oUiaria retins, 808, 805^ 810. 

membraxiaoea, 254. 

proctatica, 254. 

Padnnenlated hydatid of Mor- 

gagni.251. 
PedunonluB oerabalH, 144^ 152. 
Pania, 255. 

oorpora oaTemoea, 255. 

nenre endisga, 120. 

Peptic glands, 197. 
PeriliKoiiohial lympbatloa, 220, 224. 
Pericardial caylties, 88. 
PerioeUnlar apaoe, 141. 
Periohondriiuii, 45, 46. 
PerUjmpli, 821. 
Perimynom, 06. 
Perinearinm, 104, 121. 
Perioeteal bone, 66, 61. 
-— formation, 55. 

proceoaes of Virohow, 65. 

Perioeteiun, 50. 

Peripheral nerre-endinga, 112, 115. 

Peritoneal oavitiea, 88. 

Peritonenm, 65. 

Periraaonlar lymphatios, 80, 224. 

lymph'Spacee, 151. 

epaoea iA Hia, 14L 

Pea, m. 

Payer's glands, 95, 206. 

patch, 95. 

Pharynx, 190. 

tonaO, 94, 190. 

Pia mater. 80, 127. 
Pial sheath, 817. 
Pigment cells, 28, 37. 
Plasma, 10. 

cells, 41, 100. 

Pleura pulmonalis, 65, 220. 
Pleural oayitie?, 88. 
Plexus ohoroidens, 150. 

myentericus, 178, 201, 217. 

of Meissner, 201, 207. 

venosus yaginalis, 260. 

PUcn TiUoscB, 197, 204. 
Pons Yarolu, 142. 152, 154, 150. 
Porta hepatis, 210. 
Portio mileri, SCO. 

TBginalis ntesl, 266. 

Posterior nerre roots from spical 

cord, 186. 
Prickle cells, 28. 
PrimitiTe dental groove, 175. 
fihrilln, 107, HI, 138. 



PrfanittTe fibrils, 89, lU. 

ora,268. 

Prostate, 268. 
Protoplasm, 1. 

, otruoture of, 6. 
Protoplasmic membrane, 80. 
Proximal ooDTolated tabnle, 28.'S. 
Palp tissue, 227. 
Polrinar, 162. 

Pnrkii^e's gaoglioa cella, 152, 154. 
Pyloric glands, 186, 199. 
Pyramid of Fenein, 2SS. 
Pyramidal deooaaation, 142. 
iracta, 148. 

Rami capsulares. 214. 
Banriers oonstnotioos, 108. 

nodes, 108. 

Banhe, 147, 156. 

Bed blood corpuadleB, 10, 12. 

Beissner's meanbrana, 896, 828. 

Bemak's flbrona larer, 77. 

— — nerye>flbre. 111. 

Bete Malpighii, 19. 

— mucosum, 19. 

testis, 290. 

Beticnlar cartilage, 49. 

formation, 156. 

Betina, 808. 

, Blind spot of, 800. 

1 Blood-ressels of, 817. 

, Gkmglion cells of, 311. 

, Lymphatios o', 817. 

Bhodopain of Knhne, 814. 
Bods and conea, 813. 
Bollet*8 secondary sabatance, 68. 
Bosette stage in nuoleaa, 8. 
BagiB, 268. 

Saooules, 881, 322. 

Sacoiis enddlymphatious, 821. 

8aUra,189. 

SallTary cells, 182. 

glands, 178. 

, Blood-Tessels of, 186. 

, Ducts of, 180. 

, Lobes of, 180. 

, Lobules of, 180. 

, Lymphatics of, 186. 

, Nerves of, 186. 

Saxoods of I>njardin, 5. 
Saroolemma, 07, 68, 73. 
Scala tympani, 320. 

Testibuli, 820. 

Schultae's protoplasm, 5. 
Schwann's cells, 5. 
Sclerotic, 286. 
Scrotum, 64. 
Sebaceous follicles, 286. 
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Semicircnlar oanaJs, 320, 322. 
Semiltmar yalTes, 75, 86. 
Seminal cells, 247. 

tabules, 246, 252. 

Sensorj ganglion cells, 141. 
Septum cistomsB lyinphatice, 30. 
S^ns glands, 178, 1^ 

membranes, ^. 

Sesamoid cartila^ges, 48. 
Sharpey's perforating fibres, 54. 
Sheath of Henle, 116, 119. 

of Schwann, 108. 

Simple axis eylinder.^, Ill, 114. 

lymphatic glands, 92. 

S]dn,27£ 

blood-vessels of, 289. 

lymphatics of, Wfi. 

nenres of, 290. * 

Solitary glan^, 95. 

lymph follicle, 205. 

Spaces of Fontana, 299. 
Spermatoblasts, 247. 
Spermatozoa, 249. 
Sphincter papillae, 901. 
Sphincters, 65. 
Spinal cord, 127. 

■ grey matter, 128, 136. 

white matter, 128, 130. 

Spiral tubnle, 237. 
Spleen, 225. 

, Cai>8nle of, 225. 

, Lymphatics of. 229. 

1 Merve-fibres of, 229. 

1 Parenchyma of, 226. 

, Pulp of, 226. 

, Bea blood corpuscles of, 16. 

, Trabeculffi of, 226. 

Spongy bone substance, 54. 
Squamous epithelial cells, 18. 
Sternal cartilage, 47. 
Stigmata, 82. 
Stomach, 196. 
Stomata, 29, 82, 89, 224. 
Stratified columnar epithelium, 

21. 

pavement ^ithelium, 20. 

Stratum adiposum, 276. 

cinereum, 160. 

comeum, 19, 274. 

gelatinosum, 159. 

glomerulosum, 159, 

lucidum, 19. 

Malpighii, 274. 

opticum, 160. 

Stria vascularis, 328. 

Stroma, 12. 

Subarachnoidal spaces, 88, 127. 

150, 318. 
tissue, 128. 



Subcutaneous lymphatics, 88. 
Subcutaneous tissue, 275. 
Subdural spaces, 88, 127, 150. 
Subendocardiflil tissue, 74, 75. 
Subepithelial endothelium of De- 

bove, 35. 
Subhyaloid cells,. 307. 
Submaxillary ganglion, 163. 
Submucosa, 1^. 
Submucous lymphatics, 88. 
Subpericardial nerve branches, 

76. 

tissue, 74. 

Substantia gelatinosa, 131. 

nigra, 161. 

Sabvaginal space, 318. 
Sudoriferous canal, 276, 277. 
Sulcus hipx>ocampi, 159. 
— spiralis, 327, 328. 
Superior piedunculus cerebelli, 

162. 
Suprachoroidal tissue, 300. 
Suprarenal bodies, 340. 
Supravaginal space, 318. 
Sweat glands, 65, 276, 290. 
Sympathetic sjrstem, 166. 
Synovial cavities, 88. 

Tactile corpuscles, 115, 118. 

hairs, 286. 

Tapetum nigrum, 301, 303, 305, 
315. 

> Tarsal plate, 292, 293. 
Taste buds, 193. 

cells, 198. 

- — goblets, 193. 
Teeth, 171. 

cement, 174. 

development, 175. 

pulp, 174. 

Tegmental ce'ls, 198. 
Tegmentum, 160, 161. 
Teichmann's ozystals, 13. 
Tendon cells, 33. 
Tendons, 87. 
Tenonian capsule, 318. 

space, 318. 

Tensor choroideoB, 300. 
Terminal bronchi, 221. 
Testis, 244. 

Thalamencephalon, 161. 
Thalamus opticus, 157, 161, 162. 
Thoracic duct. 84. 
Thymus follicles, 96. 

gland, 96. 

Thyroid cartilage, 46. 

gland, 339, 340. 

Tongue, 190. 

serous glands of, 191. 
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Tonsila, 96. 

Toaoh-oells of Xerkol. 115, lid. 

-oonniaolag of Ktrkel, 120. 

Tiabeoa&B oarnee, 75. 

of \7iDphatics, 65. 

of spleen, 65. 

Traohea» 46, 65, 817. 
Traotiis olfaotoriiu, 159. 

<^tioiui, 162. 

Tranatiopiil epitheliam, 21. 
Tuba EostMhli, 819. 
Tnber dnereum, 161, 163. 
Taberde of Bolando, 145. 
Tabes of epididTmis, 252. 
Tonioa adnata, 214. 

albnginea, 244. 

dartos, 65. 

— — fibrosa, 261. 

propria, 828. 

TBIfmalis. 244. 

Tyson's glands, 255. 

Urea, 801. 
Ureter, 280, 248. 
Urethra, Female, 269. 

, Male, 254. 

Urinazy tubules, 281« 
Uterus, 64, 265. 
Utricle, 821. 

Vagina, 65, 268. 
Variooae nerve-flbres, 110. 
Vas deferens, 65, 252. 

rectum, 250. 

Vasa efferentia, 250. 
Vascularisation of cartilage, 55. 
Vater's corpuscles, 115. 
Veins, 65. 

, intima of, 79. 

, Media of, 79. 

of the bones, 78. 



Veins of the brain, oord, gravid 
uterus, membranes, and retiLa, 
80. 

, Valves of, 79. 

Vena azillaxia. asygos. cava, era- 
xalis, he^atioa, intima, iHaca, 
meeentenca* poplitea, renalif, 
spermatica, and umbiUcalis, 80. 

jogularis, and subclavia, 79. 

VensB reote, 242. 

— - stellattt, 24&. 

TortiooeaB, 305. 

Venous radicles, 227. 

sinuses, 227. 

Ventricle, Fourth, 148. 

Ventricles, 76. 

Vesiouls seminales, 65, 252. 

Vestibulnm, 270. 

Virchow's crystals, 13. 

Visceral pericardium, 74. 

peritoDeum, 194. 

Vitreous body, 807. 

White blood corpuscles, IS, 16. 

oommissure, 135. 

fibrous tissue, 80, 81. 

substance of brain, 151. 

of cord, 110. 

of Schwann, 107, 108. 

Wolfilan body, 258. 

Wreath arrangement of nucleus, 8. 

YeUow elastic cartilage, 49. 
—-tissue, 48. 

Zona fascioulata, 841. 

glomerulosa, 340. 

pellucida, 259, 

reticularis, 341. 

: vasculosa, 257. 

Zonula dliaris, 807. 



CABSaUi, PkTTKB, GUiFlX ft CO., filLLB SAUYAai WOBKB, LOaroOSr, X.0« 



\ 



^A 

OOUNTWAY UBKAEY 




HC MCbP X 




«^f*> .>. J f 



^ 



( 



1 



r 



A 



